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EXECUTIVE SUMMARY

This technical report describes a software prototype that de,-mo,-t,-ates a
concept and a method for integrating, into a unitary and comprehensive medical
advisory and training software package, predictive models of soldier responses to
altitude, heat, and cold stresses and on-line medical handbooks. The title of this
software prototype is FLDMED representing the concept of a field medicine decision,
reference, and training aid. In this version of FLDMED, the altitude module employs a
University of Vermont hypoxia model, thJ-,at strain module utilizes thr 1JSARIEM
Heat Strain Model, and the cold module has an interface designed to accommodate the
USARIEM lumped-parameter cold digit model. The front-end FLDMED module and the
associated altitude, cold, and heat submodules utilize comon formats for popup menus,
graphics, and various input-output features. Output data can be viewed from within the
program in alternative formats such as charts, data grids, or detailed data listings.
Input and output data can be saved as text files annotated with time-date stamps and
user notes. Alternatively, the data may be saved in delimited fields for subsequent
importation into spreadsheets for more complex analysis. Each functionally distinct
environmental stress module permits the simultaneous definition, calculation, and
analysis of four scenarios. This characteristic facilitates parameter sensitivity analysis.
Operationally oriented military medical manuals for altitude, heat, and cold were also
incorporated into their respective modules. This is the first UISARIEM biomedical
modeling product that has included document support as integral on-line components.
The FLDMED concept of a comprehensive and dynamic environmental medicine and
physiology software package can be further developed and customized for a variety of
different military medical support applications. For example, a program such as this
could be modified to provide commanders and unit surgeons with a computer-based
aid for systematic analysis of a broad range of environmental and op -tional

preventive medicine issues. Such a decision aid would directly suppo.. a commanders
efforts to prevent environmentally related illness and injury across a wide range of
potential deployment scenarios involving combinations of heat, cold, and altitude
stresses. To enhance the utility for medical training, other versions could incorporate
tutorial submodules. This type of integrated and comprehensive environmental and
operational military medical software product could also be customized for

* computer-based training at locations such as the Army Medical Department's Center
and School or the Uniformed Services Health Sciences Center.

1

ADA294006



INTRODUCTION

Army field medical officers and other medical personnel do not currently have an
operationally oriented computer-ba. -d medical reference resource or decision aid to
assist them in planning medical support for preventing environmental stress casualties
and performance degradations among soldiers and units during deployments. The
developrant of such-a-software tool .mtuld allow medical planner's at brigade and
division levels to predict and analyze soldier responses to exposures to the broad

* range of adverse environmental scenarios inherent in the alternative mission plans that
staffs present to combat and combat support commanders (see Reardon, 1990 for an
example of brigade level medical operations and health care issues in a hot desert
environment).

The title of the computer program presented in this report is FLDMED which
represents the notion of field medicine. This program is a concept demonstration
protctype that ties together previously developed models and documents. The intent of
this prototype was to demonstrate the technical feasibility of developing a
comprehensive software tool to assist field medical personnel in identifying the
important determinants of environmental stresses for a broad range of altemative
deployment or training scenarios. Such planning and assessment software would
facilitate the development of comprehensive, efficient, and operationally focused

*i preventive medicine plans and countermeasures. This type of software-based analysis
and advisory tool is expected to enable a field medical officer to distinguish and
prioritize the wide spectrum of environmental threats lurking within the given range of
mission options developed by staffs to present to commanders.

A program such as FLDMED would enhance the capabilities of field surgeons
and staff medicine officers to make comprehensive evaluations of the environmental
threats, yet provide focused environmental preventive medicine advice supporting
command and staff deployment plans. It would also increase the likelihood that field
medical officers will systematically consider all relevant stresses in a timely manner,
thereby leading to effective, comprehensive, and efficient approaches to minimizing
adverse effects of harsh environments.

The FLDMED program draws upon previously developed predictive models of
the physiologic and medical consequences of the stresses of hypoxi, cold, and hot

2
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environments. In order to orient the reader to the sources from which the FLDMED
modules were drawn, as well as the scope of biomedical modeling and simulation
products developed at USARIEM, concise reviews of some of these environmental
physiology and medicine models are provided in the following section. Figure 1 is a
schematic that depicts the relationship of FLDMED to extant USARIEM models and
applications. To skip the following background section and continue with the-
description of FLDMED, the reader may turn to page 19.

BACKGROUND: OVERVIEW OF USARIEM MODELS AND THEIR
APPLICATIONS

The development of a well-validated heat strain algorithm has been the principal
focus of USARIEM's biomedical modeling efforts over the past two decades. This was
primarily driven by requirements to analyze and provide solutions for health and
performance concerns related to heat stress incurred by soldiers conducting military
operations in such diverse locations as: the hot humid jungles of Vietnam in the 1960s
and early 1970s, the semitropics of Grenada in the early 1980s, the hot desert of the
Middle East (Desert Shield/Storm) in the early 1990s, other hot climactic regions such
as Somalia, Cuba, and Haiti in the mid 1990s, and the military training areas of the

South and Southwest in the United States.

The principal uses of the USARIEM Heat Strain Algorithm at USARIEM have

been for the derivation of activity modification and water ingestion guidance for
incluson into military training and operational field manuals and thermal health hazard
analyses for soldiers interacting with developmental military systems undergoing testing
in thermally stressful environments. As will be discussed in following sections, the
USARIEM Heat Strain Algorithm has also been incorporated into a variety of
soldier-oriented environmental stress monitors, a tactical meteorologic system, and a
number of different wargaming simulation software systems.

Figure 1 is a schematic that depicts physiologic response models for harsh
environments and the derivative applications and products developed at USARIEM.
The USARIEM Heat Strain Model, as well as other USARIEM models for predicting the
adverse consequenc ,s of exposure to harsh environments are described in more detail

in the following subsections.
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USARIEM HEAT STRAIN MODELS

The algorithm for what has become known as the USARIEM Heat Strain Model
was constructed by interlinking a series of related predictive physiologic response
formulas, initially published in 1972 and 1973 by Givoni and Goldman, into a unified
algorithm (Berlin, Stroschein, and Goldman, 1975). USARIEM scientists, Goldman and
Givoni, validated "'e equations discussed in their papers. Subsequent publications
(Pa:idof, et al.,1986; McNally, et al., 1990) presented validation results that
demonstrated the generally excellent performance of the USARIEM Heat Strain
Algorithm tnr acc,. ately predicting the physiologic strain associated with a wide varietyof heat stress sce:,mios. ' -

Since the initial development of the USARIEM Heat Strain Model, slightly
different software implementations have been developed for use in specific
applications. Initial v' ftware implementations were programmed in FORTRAN. These
predictive heat strain programs typically limited output to tabular data and
character-hased graphs for core temperature and heart rate as functions of time.

Inputs to the programs could specify a wide variety of possible hot weather military
scenarios. Since mu.ch of this initial software development occurred prior to the
widespread availability of desktop or portable computers, these programs were not
widely distributed. They were primarily utilized within USARIEM as simulation and
prediction tools for health hazard analysis of thermal stress associated with research
studies of soldier interactions with new equipment or systems and NBC protective gear
in hot weather environments. Updated versions of the USARIEM Heat Strain Model
coi ,inue to be used for this purpose as illustrated in the following excerpt from a recent
USARIEM research study protocol:

Individual exposure will be terminated if the rectal
temperature rises more than 0.E°C per 5 minutes of exposure or
rises above 39.2°C or if a volunteer exceeds 80% of her
maximum predicted heart rate defined as 220 -age (in years) for
a period of five minutes.

The USARIEM Heat Strain Modcl predicts that
unacclimated, sedentary volunteers wearing approximately
MOPP 1 and exposed to the two environmental scenarios as
proposed in this study qualify for Category 1. "No Limit"
designation. Consequently medical coverage will consist of the
long-range, on-call option (Endrusick and Gonzalez, 1994).

5
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An innovative adaptation of the USARIEM Heat Strain Algorithm was proposed
in the mid-1980s in order to directly extend the benefits of its predictive capabilities to

members of small military units (e.g., Special Forces and Rangers) deployed or training
in hot weather environments. This concept resulted in a design that embedded the
USARIEM Heat Strain Algorithm into a customized Hewlett Packard (HP) hand-held
calculator (Pandolf et al., 1986). The ensuing product, a hand-held, lightweight, heat
strain calculator, was a technical success. The soldier-oriented heat strain calculator
was capable of displaying recommendations for work-rest cycles, hourly water
consumption, and maximum single-shot work times. Such readily available quantitative
advisory information was meant to supplant the typically inaccurate subjective

-] estimations of safe work-rest cycles and wateT requirements, as ,vell as obviate the
undesirable practice of relying on the appearance of overt sensations of excessive heat
stress, definite thirst, and symptoms of impending heat injury as indications that heat
stress and dehydration safety limits were being exceeded.

Developmental prototypes of the heat strain calculator successfully completed
technical and operational testing. Although this device was not fielded, the concept
and technical feasibility were verified Further efforts, therefore, were directed toward
improving and refining the design. Design reevaluations identified that adding
reduced-size meteorologic sensors to give the heat strain calculator a capability for
capturing site-specific environmental conditions would be a practical and significant
enhancement. Since the heat strain calculator did not have integrated weather
sensors, users either had to obtain ambient temperature, humidity, wind speed, and
radiant heat load from units (at possibly distant locations) monitoring the wet-bulb and
globe temperatures (WBGT) or entered estimated values by selecting, from a scrolling
menu, the applicable v eather category (e.g., hot-dry, hot-wet. .amperate. or jungle
[each of these categories were associated with a set of defa,:,t environmental
parameter values in a look-up table that was incorporated into the heat stress calculator
software]).

A new microprocessor-based environisiental "VIS -': ..i...wa3 ti t
incorporated capabilities for real-time local WBGT monitoring. With this developmental
effort the heat strain calculator was successfully superseded by a more capable or
"intelligent" heat strain monitor (HSM) with onboard WBGT sensors (see Figure 2 for a
photograph of the HSM). Design, development, and test plans for this
second-generation hand-held heat strain monitor were successfully implemented
(Matthew, et al., 1993). HSM prototypes were fabricated by the Southwest Research
Institute (SwRI, San Antonio, Tex.) under contract to USARIEM. As specified in the
design, the prototype devices incorporated a stowable set of miniature weather
sensors. The sensor suite measures and stores the local dry and black globe

6
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temperatures, Wind speed, and humidity. The WBGT itself is calculated from this
real-time sensor data by internal subroutine in the d s",c are

The miniature weather sensor suite for the HSM digital heat strain monitoring
and advisory device directly measures dry bulb and black globe temperatures,
humidity, and wind speed. The raw data from these sensors are captured and provide
the weather related inputs for the embedded algorithms that calculate and display the
corresponding WBGT. These sensor data are also processed by the LJSARIEM Heat

Strain Algorithm residing as an executable module in an onboard read-only memory
microchip (ROM).

Soldier, uniform, activity, and -'ther scenaeo-speii- sript require 0 by thne
embedded USARIEM Heat Strain Algorithm are entered by navigating through a
shallow, easily traversed, hierarchy of input menuz presented to the user on the liquid
crystal display (LCD) area on the face of the de'. -Output data are also displayed on
the LCD screen. The HSM calculates and disp. variety of tactically useful outputs
such as maximum recommended wYork-rest cycles, one-shot maximum work time, and
the corresponding hourly potable wialer intake reautirements.

Operational field testing in desert Army trainling ar=as andU atL an %OtI

oil-ref ining facility demonstrated that HSM prototypes were rugged and reliable in hot
environments in a representative variety of operational military and civilian settings
(Gonzalez, 1995).

Technical testing of the prototype digital heat stress monitors in the carefully
controlled conditions of the USARIEM% environmental simulation chambers further
validated the HSM concept and technical performance (Matthew. et al., 1993)_ That
testing: however, did identify a few discrepancies in several regions of the validation
envelope which were targeted for subsequent correction. For example, the variance of
wind speed sensor measurements from calibrated chamber wind speed values was
somewhat elevated at higher viind speeds. The advisory outputs for wvork-rest cycle
times and water ingestion recommendations in some cases deviated from those
provided by a validated PC-based version of the USARIEM Heat Strain Model. This
was attributed to a possible software bug in the HSM software. The USARIEM project
manager directed the contractor to investigate and corrected these software
performance discrepancies. Additionally.. a fewj hardware modifications were suggested
for improving the HSMI's MeCh~nicai reliAbility and ease- nf wqr.

Technical testing. therefore, saivu"Is u -ps Lj mcl*:. IUI ulIIAIV
specific recommendations for improving the accuracy of the HSM sensors and

8
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embedded software. The contract with SwRI was extended to implement these
recommendations.

The HSM was primarily intended for use by small combat and combat support
units. It has also been considered, by some, as a promising candidate for replacing the
analog Wechsler WBGT thermometer systems currently deployed by field preventive
medicine personnel and medical units. Despite largely successful testing, however, the
digital HSM currently remains classified as a concept demonstration and validation
prototype item. It is anticipated, however, that some type of modified version of the
HSM will be fielded in the future.

Figure 3 depicts a progression of military thermal stress monitoring devices. The
technology of the 1960s and 1970s is represented by the analog Wechsler glass WBGT
thermometer kit (essentially identical to the Stortz Wetbulb/Globe Temperature Kit,
PSG Industries, NSN 6665-00-159-2218). This kit incorporates a plastic sliderule for
the user to determine the WBGT from the component dry, wet, and black bulb
thermometer readings obviating the need for explicit calculations. The sliderule also
provides color-coded thermal stress threat categories for modulating work or training
intensity. The USARIEM HSM, in the center of Figure 3, is representative of the
thermal stress monitoring technology of the early to mid-1 990s. The pictures on the
right-hand side of Figure 3 depict examples of the many possible year 2000+
technology alternatives for expanding and incorporating the functionality of USARIEM's
microprocessor-based environmental monitoring devices into advanced individual
soldier systems such as the 21st Century Land Warrior ensemble (Gourley, 1995).

The USARIEM Heat Strain Algorithm has also been embedded in the Integrated
Meteorologic System (IMETS). IMETS is a complex workstation-based weather
intelligence analysis and decision-support product that integrates with the Army's
Tactical Command and Control System (Harris, 1994 and US Air Force, Air Weather
Service, 1993). Initial IMETS prototypes were built in 1993. Testin: and evaluation of
IMETS prototypes apparently were successful, and the first operational versions of
were scheduled for fielding in 1995 (Figure 4 is a schematic of the IMETS equipment
set). The USARIEM heat strain component for IMETS, however, is currently in the
prototyping and testing stages. Therefore, this capability will be insertec, into IMETS as
a software enhancement at a latter date.

The USARIEM heat strain and heat casualty prediction module for IMETS will,
for example, allow units to generate color-coded contours of heat casualty risk as
terrain-map overlays. Such overlays .ould be in the fnrm of isnnrmhobhility tr ft iir

9
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maps for heat casualties or other formats depicting different levels of predicted
heat-related performance degradation, optimal work-rest times, water intake
requirements, etc. This USARIEM contribution to IMETS will assist military planners in
determining the degree of adverse interactions between weather, terrain, and soldiers
along alternative routes for various types of military missions.

The USARIEM Heat Strain Model has also been incorporated into other military
simulation, training, and analysis and decision aid products as a supporting biomedical
component. The Science Applications International Corporation (SAIC), under contract
to USARIEM, implemented the USARIEM Heat Strain Algorithm as a personal
computer,- or workstation-based, tactical decision aid (SAIC, 1993). The resulting
program was entitled "Heat Stress Decision Aid" (HSDA). This program was designed
primarily for use by combat unit staff officers and NCO leaders to reduce the likelihood
of dehydration and heat stress casualties among their troops. SAIC software
developers used the FLDMED heat stress module interface described in this report as
a design aid in developing the HSDA interface (SAIC, 1993, Acknowledgments
section).

The USARIEM Heat Strain Algorithm has also been included in combat
simulation software systems designed for command and staff planning and training
support. The USARIEM predictive Heat Strain Algorithm, for example, was
incorporated into the Army Unit Resiliency Analysis model (McNally, Stark, and ElIzy,
1990). Additionally, in collaboration with the U.S. Army's School of Chemical Defense
at Fort McClellan, SAIC adapted the USARIEM Heat Strain Algorithm for use as a
component in the Automated Nuclear Biologic And Chemical Information System
(ANBACIS), an NBC effects simulator. The predictive heat stress module embedded in
ANBACIS utilized numeric subroutines programmed in Ada that were developed initially
as part of the HSDA software. The programming language Ada (ANSI, 1983; Saib,
1985; Naiditch, 1995) is currently the DoD's mandated programming language for CI
systems. The use of Ada as the baseline programming language also facilitated
porting the HSDA's numeric software modules from the PC environment to ANBACIS's
Unix-based workstation environment with minimal changes to the core elements of the
software code.

In addition to the USARIEM Heat Strain Model, whose equations were derived
principally by use of various curve-fitting techniques, USARIEM has developed a more
analytically based multicompartment, predictive heat strain algorithm. This
multicompartment physiologic strain model has two dominant components. The first
component is composed of a system of coupled passive heat flow equations. The
second component provides thermoregLjatry fdback . The system of paof ve

12
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heat flow equations mathematically describes the dynamics of open-loop heat flow
within and across tissue and vascular compartments as derived from the basic
principles of biophysical heat transfer. The equations and relationships comprising the
control component implement either nonlinear or piece-wise linear physiologically
based thermoregulatory and cardiovascular feedback mechanisms (Kranning II, 1991).

This multicompartment closed-loop thermoregulatory algorithm simulates the
body as a single cylindrical segment containing six concentric isotropic compartments
(five tissue layers and a central vascular or core compartment). The passive heat
transfer component of this model can be represented in terse matrix notation as a
sy,'tem of coupled nonhomogeneous first order differential eilfations (Appendix C).
The active thermoregulatory control components of the model as well as the specific
coefficient values for the various equations largely distinguishes this model from
previous multi-node thermal strain models (e.g. Stolwijk and Hardy, 1977). The model
has neen successfully validated against data subsets from the expanding LSARIEM's
database of soldier-oriented heat stress study results (GEO-Centers, 1992). This
analytically derived thermoregulatory model has been implemented at USARIEM as a
BASIC software program entitled SCENARIO.

The SCENARIO Iumped-parameter heat strain model as been ueU Vthi ,,,,
USARIEM for thermal stress health hazard analyses. It also has been implemented in
C++ and inserted as a thermal response module into the Integrated Unit Simulation
System (IUSS). This was accomplished by Simulation Technologies, Inc. (Dayton, OH)
under a software development contract (1993). Figure 5 illustrates a representative
computer screen display from the IUSS simulation program which provides an example
of the type of outputs provided by the embedded USARIEM SCENARIO heat strain

model.

The SCENARIO thermoregulatory model can generate dynamic temperature

profiles for each of the six simulated tissue compartments. In contrast, the USARIEM
Heat Strain Model, equivalent in many respects to a one-segment, one-compartment
morphologic abstraction of the human body, generates a single, time-dependent,
predictive, core temperature profile. Another advantage of USARIEM's SCENARIO
model over the USARIEM Heat Strain Model is that SCENARIO has greater capability
for simulating cardiovascular and bloodflow responses to heat stress. Although both
the USARIEM Heat Strain Model and SCENARIO can simulate changes in heart rate,
SCENARIO can also simulate changes in cardiac output, and intercompartmental
bloodflow redistribution as functions of time. The cardiovascular responses for both
models, nowever, have not yet been as extensively validated as the core e' .. .
prediction capabilities.

13
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USARIEM COLD EXPOSURE f.OnDELS

Recently (15 Feb. 95), four U.S. Army Ranger candidates perished from
complications of generalized hypothermia secondary to prolonged immersion. This
occurred during the swamp phase of the US Army Ranger training cycle conducted
within the Eglin Air Force Base area in Florida. Although accident investigations are
still in progress, unofficial initial reports (e.g., Walker, 1995 a and b) indicated that the
hypothermia fatalities occurred after about six continuous hours of partial to complete
immersion. Investigators' estimates of air and water temperatures have been 65°F and
520F, respectively.

In order to provide a predictive immersion tolerance decision aid to field and
training units for the purpose of preventing incidents similar to that recently incurred by
the Rangers, USARIEM leaders have oriented cold water immersion modeling efforts to
support the development and prototyping of a pocket-sized water temperature
monitoring and tolerance time advisory device. This device is likely to have similar
physical and interface characteristics as the digital heat stress monitor (HSM) described
above. A possible expedient design option is the addition of a water temperature probe
and insertion of the USARIEM cold immersion model into the HSM. Such a device
would then be given a more inclusive product label reflecting its expanded utility for a
broader range of environmental stress scenarios.

For this effort, USARIEM has been able to build upon an immersion hypothermia
model previously developed at USARIEM by Tikuisis, Gonzalez, and Pandolf (1987 and
1988). This mathematically oriented model (USARIEM Water Immersion Model)
simulates the effects of cold immersion with a multisegment. six-compartment (five
tissue compartments and one central blood compartment) morphologic abstraction of
the human body. It is a lumped parameter model with the passive heat distribution
component representable as a series of nonhomogeneous, coupled, first order
differential equations. As with the multicompartment heat strain model, these
relationships can be tersely summarized with the use of matrix and vector notation.

The performance of the USARIEM lumped-parameter Water Immersion Model
has been validated for water temperatures of 201C (68CF) and 280C (82.4"F). Further
efforts are being directed toward extending the range of this model's validated
performance envelope for cool to cold water temperatures. An additional enhancement
is planned for this immersion model that wil! include extent of immersion as an
independent variable.
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A cold water immersion tolerance prediction capability is also being planned for

inclusion into IMETS. The insertion of a predictive immersion hypothermia model in

IMETS would enable the system to generate risk contour-map overlays for immersion
hypothermia. Such contour map overlays could be useful for identifying
terrain-dependent emersion-time safety limits for dismounted training or combat

operations. This type of analysis and decision tool would also be of importance in

planning the distribution and dispatching of search and rescue assets for aviators

downed over bodies of cool to cold water. Maximal permissible response times would

be obtained from IMETS and the search and rescue assets deployed so that these

physiologically h.as d r .rn.. tim e lim it w nid*i nf h ,k ,avt ,, ,

In addition to a cold water immersion model for predicting hypoihermia,

USARIEM cold extremity mathematical models have been developed that predict

responses of digits and extremities to prolonged cold exposure. The cold exposed

extremity or digit models are of two types. One type is lumped parameter (Shitzer, et

al., 1990 and 1993), which assumes isotropic and homogeneous tissue properties

within each compartment and near instantaneous and simultaneous temperature

changes at all points within a compartment (i.e., no intracompartmental temperature

gradients). The other type of mathematical model utilizes a distributed parameter

representation (Shitzer. et a!., 1904)

A distributed parameter system can model the additional complexities associated

with variations of tissue properties within compartments and the existence of

intr?--ompartmental temperature gradients. In this type of model, thermal energy is not

assumed to distribute uniformly and instantaneously within any compartment.

Implementations of these two types of cold exposure models are currently in different

stages of parameter identification, verification, and validation. The rate of progress in

this regard indicates that the lumped-parameter model will become operationally

available before the substantially more com.plicated d.itr.ibur...e.. -pArametr co-,d

extremity model.

The USARIEM cold extremity models will provide the ability to predict risks of

cold injuries, such as frostbite, to the extremities. These predictive cold extremity
models could also be used to further expand the utility of IMETS for cold weather

operations. This will enable IMETS, for examp!e, to generate contour-map overlays

depicting isoprobability contours for risk of frostbite as functions of real-time weather,

forecasted weather, terrain, and soldier-associated parameters such as type of gloves
and uniform, and estimates of various physiologic parameters such as extent of
dehydration. Similarly, automatically generated contour-map uverlays could also
delineate predictions for spatially varying maximum outdoor cold exposure limits.
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These type of informational products would provide physiologically based guidance for
exposure-rewarming cycle times for sentry duty or for the soldiers of units manning
defensive perimeters at specific loc"tion's " n .cold wI/ather e,, VIr.. ...i

USARIEM ALTITUDE EXPOSURE MODELS

A USARIEM model for predicting the physiologic responses, performance
decrements, and medical illnesses associated with exposures to acute and chronic
altitude (or hypoxia) stress is currently in the concept definition and early design phase.
USARIEM research physicians and physiologists in the Altitude Physiology and
Medicine Division have generated a considerable body of literature (e.g., see the
compendium of papers in Houston, et al., 1991) to support the eventual development of
a comprehensive predictive altitude response model. An interim expedient approach is
the initial creation of relatively simple predictive correlational models fhr altitude illness
with subsequent development of more sophisticated and robust causal or
servomechanistic models.

Causal altitude response models would characteristically be predicated on
mathematical descriptions of the relevant physiologic and biophysical principals
pertaining to altitude-associated stress-strain relationships. A closed-loop altitude
model would also require delineation of the appropriate physiological feedback control
mechanisms.

A rational or analytic altitude exposure model is preferred over a totally empiric
or correlational derivation. This is because a rational model draws not only upon the
data sets used to specify parameter values, bu: more importantly, on the robust,

validated, and well accepted body of knowledge consisting of the fundamental and
generally applicable physiologic, biophysical, and control principals implicit in the
model's constitutive equations. During the design and development of a rational model,
the relevant principals, constraints, and simplifying assumptions are usually explicitly
identified. The analytic framework can facilitate an a priori prediction of the extent of
the model's generalizability.

Another potentially major advantage of the rational model is that it may be
possible to derive an analytic solution if the model is not excessively complex. An
analytic solution can be used, for example, to check the accuracy of numerical
implementations. Despite the inherent elegance and power of a purely analytically
derived mathematical model, correlational analysis of empiric or experimental data,
however, is still an important aspect of rational model building. because it bridges gaps
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in the scientific knowledge of the extraordinarily complex cause and effect mechanisms
linking environmental and physiologic variables with performance or medical effects.

This concludes the general overview and discussion Of the ,"h istor, ature, and
applications of the various USARIEM stress-strain predictive models for soldier
responses to cold, hot, and high altitude environments. The next section resumes the
discussion of the FLDMED prototype that integrates these model into a unified military
medical deployment staff support software tool for analysis, decision making, and
training.

18

ADA294006



ADA294006

METHODS

The concept and general design scheme for FLD,,,ED, the -o,, ar1 -a.... prototype
developed for this report, was delineated in a previously published technical note
(Reardon, 1993). FLDMED is an implementation that demonsirates many, but by no
means all, of the features elaborated in that design document. A subset of he
functionality defined in the design document was selected for developing FLDMED. A
high-level priority for this implementation was the demonstration of a gateway interface
from which the user could navigate between interconnected altitude, cold, and heat
strain prediction modules.

Sketches and diagrammatic goyba w I tv,,.,,,, In ,i,, ,,u
and menu design alternatives. This design approach was utilized to identify different
options for efficient and visually effective appearances for the program component
interfaces. The desired program module functionalities were then translated into
hierarchical menu structures. This was done in parallel with the interface design. A
character-based screen drawing utility was used to create the static visual components
of the module interfaces. These predefined screen backgrounds were stored as
individual 4,000-byte files. This technique allowed screen files to be efficiently loaded
into screen display arrays at the appropriate locations in the program. Various data
display functions overwrite the background screen ,ith, f ,nut and outu dat at th'-
appropriate locations.

The inputs necessary to create functional altitude, cold, and heat modules were
determined by the specific model selected for each module. The requisite input and
output data elements for each of the models were identified. Input, output, and
miscellaneous data elements for each of the three modules were then organized into
data structure hierarchies (Appendix F). The primary advantages of such data
structures were simplification of function interface specifications and the facilitation of
enblock movement of large packets of related da tn tfo an f* r n n fir;1

The software code for the program FLDMED was iupiem enied with ihe "C
computer language. The user interfaces were developed with the assistance of
functions from a library of C interface and utility functions from Star Guidance
Consulting, Inc. (Waterbury, Conn.). This library of C interface functions was bundled
in an interface development software package entitled 'The Window Boss and Data
Clerk" (version 5.17). The FLDMED program also utilized functions from a C function
library from Young Software Engineering (Mill Valley, Calif.) entitled "Software Toe!s for
C.1'
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A large data model was selected as one of many different types of compiler
options. This enabled the simultaneous accommodation, in computer memory, of the
rather large input-output data structures and large code modules. The program's
source code, however, was segmented into groups of functionally related computer
files as part of the effort to implement modularity. Program segmentation into separate
source files also made possible the use of run-time overlaying of executable-code. To
do this, code overlay was specified as a compiler option.

Overlaying is a technique that allows software to automatically swap compiled
code segments in and out of standard RAM memory from disc storage. This occurs as
particular code segments are required, rather than having the entire program
continuously loaded in RAM memory. Code segment overlays often permit larger data
structures to be maintained in active memory than otherwise would be possible. An
alternative method for accommodating large data structures is storing active data sets
in disk files and reloading the data back into the program as needed. This technique,
however, typically results in more frequent read-writes to the computer storage media.
This may result in slower program execution due to repetitive and relatively slow file
input-output operations.

Algorithms for the FLDMED numerical functions in the altitude, cold, and heat
modules were obtained from internal and external sources. FLDMED's heat strain
module utilizes the USARIEM heat stress algorithm. This model was discussed in a
preceding section of this report. The equations for the core temperature portion of this
algorithm are provided in Appendix B in the format of a MathCAD document. Not
included are a related series of heart rate equations described in the 1973 references
by Givoni and Goldman. USARIEM does not currently have an altitude physiology
algorithm. For demonstration purposes, therefore, an altitude physiology algorithm
from a master's degree thesis at the University of Vermont was utilized (Kessler, 1980).

The equations in Kasslers thesis were rewritten and tested as a MathCAD (MathSoft,
Inc., Cambridge, Mass.) document. This listing of equations is included in Appendix D.
Kessler's altitude or hypoxia model was primarily motivated by a paper authored by his
thesis advisor and renowned altitude physiologist, Charles Houston (1947). For this
reason it will henceforth be referred to as the Kessler-Houston altitude model.

The author was diverted to other taskings before the lumped-parameter cold
digit numeric algorithm could be implemented and inserted into the cold exposure
module. However, the data structures and user interface designed into the cold stress
module's interface are specifically intended to accommodate the USARIEM
lumped-parameter cold digit model (Shitzer, et al., 1993). A recent technical report
(Reardon. 1994) illustrates a software implementation of tfh,- c-l d, ,,t flta
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utilizes a Windows (Microsoft Corp., Redmond, WA) graphical user interface. That
software implementation of the USARIEM lumped-parameter cold digit model included
an on-line hypertext cold weather military medicine reference (Burr, 1993). It was
written in the Visual Basic programming language. The numeric algorithm in that
program, however, can be easily converted into the equivalent C functions for
subsequent inclusion into the presently incomplete cold exposure module. -

RESULTS

On start-up, the main, or gateway, c ne21pon4nt of --, FLDMEDt, come
program displays a camouflaged background screen. The altitude, cold, and heat

modules are accessed from the main horizontal menu located at the top of the
program's introductory s,,reen. This user interface screen, therefore, can be
conceptualized as the program's hub or gateway to the component altitude, cold, and
heat stress modules. The altitude, cold, and heat stress modules in FLDMED Were
designed as mutually independent components. Note, however, that since altitude and
cold occur simultaneously, in many circumstances their effects will actually be

* interrelated or correlated (e.g., see Chang, et al., 1989). The available physiologic
models did not incorporate these types of complex interactions and, therefaore, coul
not be included into this version of FLDMED.

The FLDMED.exe program is a single executable 463,036 byte file. Header and
software code files were compiled using compiler options that permitted overlaying, or
swapping. of related code segments. This allows the appropriate blocks of program
instructions to be swapped between rapidly accessible working memory and higher
capacity but lower access speed storage media when the user switches between the
altitude, cold, and heat modules. Three header files-one each for altitude, cold, and
heat-contain definitions of data structures and function declarations (Appendix F). The
body, or contents, of the functions declared in the header files are elaborated in
separate source files (Appendix G and H). Ten code source files defined the functions
for the altitude module, three source files implemented the coid module functions, and
eighteen source files implemented the heat module functions.

In addition to the exec-toable file, FLDMED utilizes 175 separate small files
(totaling 700,000 bytes) for displaying the contents of the on-line environmental
medicine and physiology handbooks. help section text, and reference lists. To run
properly. the composite program requires the FLnMED.eX =nd the 175 *.nit ".lri
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and *scr text files. The total disk space required to transport and fully utilize the
FLDMED program is 1,163,036 bytes (or approximately 1.12 menahtml.

Computational and output f ormatting and display funAs fLol Oso01 lof heCol
module menu items have yet to be implemented. The reader is directed to the
references describing the USARIEM lumped-parameter (Shitzer, et. al., 1993) a
distributed-parameter cold digit model (Shitzer, et. al., 1994), and a whole body cold
immersion model (Tikuisis, Gonzalez, and Pandolf,1988a and 1988b) for possible
alternative implementations of the cold module's computational core. The data input
interface, however, for the czurrent version of FLDM ED's cold module is designed to
accommodaie the lumped paraineter cold digit model. Functions implemienting the

* lumped-parameter cold digit model can therefore be easily inserted as the cold
module's computational core in a future version of FLDMED.

FLDMED's functional heirarchy are summarized as menu trees in Figures 1-4.
These figures depict the relationship of user menu elements for the main module and
altitude, cold, and heat s'ibmodules. Figure 6 illustrates the front end, or initial menu.
that appears after starting the main executable program file. From this menu. the user
may select the altitude, cold, or heat stress submodule. Alternatively, the user may exit
the program. thereby returninn In 1hP nn~ratinn ,-v~rt~rr

User loads the executable file

IFueCol.d F~atStessl I

Ij

Figure 6: Main menu tree.
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ALTITUDE MODULE

If the altitude module is selected from the menu in FLDMED's main menu, the
introductory screen is cleared, and the altitude module's background screen is
displayed along with the primary altitude bar menu located across the top of the screen.
The options listed in the altitude module's pull-down top-bar submenus are illustrated in
Figure 7. The user has direct control over input, output, and on-line reference for
altitude medicire and physiology, as well as various other options. Upon initial entry
into the altitude module, the program automatica j loads a default profile. The principal
feature of the input option is the capability for stapwise determination by the user of
senario-specific ascent-descent profiles. An ascent-descent pr6file is dispayed as a'
graph as well as a tabulation of of movements to and from the specified a!titudes

Altitude Module Menu Str ",+,,

ALTITUDE
rp- Grid

innut- -- Defaults
" tNew Profile

Save
I-*Read fror. Fiie

SBarometric pressure
Ouzput --* Graphs- Ambient 02 pressure

Arterial 02 pressure
Hb 02 % saturation

Opti ons
!I ,~~a-. eical Cond.S zions

--l* Me Info- --*Operatinai Guidance
L-*References

Help

________- -* Exi.:t

Figure 7: Altitude module menu tree.

In addition to the ascent-descent profile, other inputs for the altitude module are

entered via an input grid for four sets of physiologic parameters (see the User's Guide
in Appendix A for additional details). The physiologic input parameters are collated into
two groups: hematologic and respiratory. Hematologic parameters include those for
hemoglobin, hematocrit, bicarbonate, and n1,m pH. Pesp-rat'ry stem p%"r am rs
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include those for respiratory ratio, inspired oxygen concentration, alveolar carbon
dioxide pressure, and arteriolar-alveolar oxygen diffusion gradient.

The altitude module output currently is limited to graphic displays of barometric
pressure, ambient oxygen (02) pressure, arterial 02 pressure, as well as percent
hemoglobin (Hb) 02 saturation. Future enhancements could incorporate capabilities for
generating detailed and summary listings of physiologic responses for each segment of
the ascent-descent profile.

From the altitude module's top-bar menu the user may select the Med Irfo
option. This provides access to on-line reviews of numerous topics in altitude medicine
and physiology (Cymerman, 1994). Topics include high altitude pulmonary edema
(HAPE), high altitude cerebral edema (HACE), possible altitude related complications
associated with sickle cell trait, and potential thrombotic complications associated with
altitude as reported in the medical literature. A synopsis of the cardiovascular,
hematologic, and pulmonary adaptations to high altitude are also reviewed.
Operational medical considerations for military deployment to high altitude regions are
provided in a separate section. Reference lists from the USARIEM technical base, as
well as from the civilian literature, are also provided.

COLD MODULE

The menu structure for the cold strain -odue is depicte i Figure 6. T he first

level menu provides interactive functionality and structural organization consistent with
the altitude and heat stress module menus. A horizontal menu is located across the
top portion of the cold module's main screen. Selecting any of the main options from
the top-bar menu generates submenus of additional selectable options. The primary
menu categories for the cold exposure module are inputs, output display options,
medical on-line reference, help or user instructions, and an exit option that takes the
user directly back to the main modle.

Menu items bounded by the gray areas in Figure 8 indicate those coid module
menu items that have not yet been implemented. The cold model input interface was
designed to accommodate the USARIEM lumped-parameter cold digit model (Shitzer,
1993). An example of a Windows implementation of this lumped-parameter cold digit
model can be found in Reardon,1994. The user interface structure for FLDMED's cold
module was implemented in a manner consistent with the altitude and heat stress
modules. For example, the physiologic inputs for the cold module can be entered into a
datagrid either by row or column. Morphnlngir prnnrtie nf the simulad--r "to; con --
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collated into a separate input widow. A drop-down selection list containing different
types of military gloves is functionally anal-gous to the heat module's uniform selection
screen. Likewise output functions will be written to permit the generation of data grids,
graphs, and data listings similar to those in the heat strain module. As indicated, many
of the functions required to complete the cold module can be derived, with appropriate
modifications, from the corresponding functions used in the heat stress module. The
software development scheme did take advantage of software-- component reusability
despite the fact that an object oriented approach was not utilized and objects have
been recently touted as the primary mechanism for exploiting code reusability.

Cold Module Menu Structure

COLD
-- Grid4 irpt:- Defaults a

New Profile
Save
Read from File 0

Finger temperaturesO"0 0.t~ut --0-Grap.-s F- Time to reach threshhold
- Glove comparisons
- Probability of frost-bite

- Options

-- Physiology of Cold Exposure
-*Risk Factors for Cold Injuries
-*Prevention of Cold injuries
-- Frostbite Dx & Rx
._Non-Freezing Cold Injuries
-O.Hypothermia Dx & Rx

1--*.:led Info ---- Other Medical Problens
-l.Key Points

-*Wnd-Chil. Chart
--*,Cold Weather Training

Sxs and Signs of Hypotheri4a

References

1--. Ex- - -

Figure 8: Cold module menu tree.
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HEAT STRAIN MODULE

The menu structure for FLDMED's heat strain module is depicted in Figure 9.
The first level menu in the heat strain module is, as with the other modules, a horizontal
bar across the top of the screen. Selecting any of the main options in the top-bar menu
generates submenus. The principal interaction categories for the menus are inputs,
outputs, options for graphics display, medical on-line reference, help or instructions,
and an exit option that takes the user back to the main module.

There are multiple data input options for the heat strain module. Data may be
entered directly into data cells in the data grid. This can be done by row or column.
Additionally, data may be entered as functionally related input parameter subsets. The
multiple and redundant avenues for data entry provide flexibility and convenience to the
user for the scenario building and editing process.

Popup windows are provided for inputting soldier-specific data such as height
and weight, clothing parameters such as clo and permeability, specific soldier activities
or, alternatively, an input window for entering marching related parameter for the
automatic calculation of the metabolic rate (Pandolf, Givoni, and Goldman, 1977: Soule,
Pandoif, and Goldman, 1978). Daiig sodium intake is calculated based on user inputs
for the type and frequency of ration consumption. Other input forms allow specification
of solar conditions and associated radiant heat load (Breckenridge and Goldman,
1972), and terrain types that maps to the appropriate terrain coefficient. Terrain
coefficients modify marching-related metabolic rates (Soule and Goldman, 1972).

The heat strain module provides for data persistency via numerous file handling
capabilities. Previously constructed scenario files may be imported from a subwindow
generated from an option in the Input menu. The user may save the most current data
sets at any time by specifying a file name and adding, as a file header, an identifying
comment for each set. A time and date stamp is also automatically appended in the
data file's first line. When exiting the heat strain module, the complete scenario data
set is automatically saved and, on reentering the module, the data is automatically
reloaded so that work can be resumed without the need to reenter data. Alternatively,
the user may revert to the default scenario data set by selecting the default input data
option from the Input menu. One should note that if the data file saved from the most
recent session is not in the same directory as the program, the default scenario set
instead will be loaded by a call to a default data function within the program.

Output data for the heat strain module may also be saved in several ways. The
user may use menu options to send output data to a local printer. If prininng cannot be
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accomplished, the output data is stored in a text file, thereby making the data available
for printing using some other mechanism after exiting the FLIDMVED program. In such a
case, the program displays a message indicating that printing was unsuccessful, as
well as the default name of the file where the output data was written in lie.' Inf the
printer.

HEAT STMRESS

-* .Row inpuat
--lpColxn InputK'b+Input Data 1/0

-*Solar Load
~Personnel

Terrain
1A %_v3 ty
Nutrition
T:hreshold values

Table Core Temip
Surtnary HearL Rate

-10outpt Granh: all - Sweat Rate
_00Graph:one
Detai.led Data _Net Water Dezact.

~ Print .ar Casualty Chart

sai-e Pie Casualty Chart

Opt ions One Granh/ screer.

Introduc::io
--l-Adapt :tion to Heat Stress

Prcvenrion Pearls
*1 ! ctIilness Prevention

-OMed Info- oPrevention during _asic -iraining
-*OperatiLonal Consi7derations
0' Manacenient of *,e-s: illnesse5

Key Points
-,Dav/Nil-e Workr rest & Water Tab!-es
-0'PT Runt: Max Times

Field Zxnedient 'irres
L*Sal--t Solution~s

fHelp

Figure 9: Heat strain module menu tree.
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DISCUSSION

This projent demonstrated the feasibility of consolidating numeric models for
altitude, cold, and heat strain along with supporting environmental and operational
military medical references The software program described in this report (FLDMED)
provides an example of a unified and dynamic environmental medicine and physiology
computer-based tool of potential use to military medical personnel for predeployment
analysis, planning, and training.

A numerically based physiologic environmental strain model was selected for
each of the three modules in the FLDMED prograrh.- The numeric algorithm for the
altitude module (Kessler, 1980) is problematic in the sense that physiologic parameters
are satic and output variables are altitude but not time dependent. For example,
altitude acclimatization effects are not modeled. Additionally, this particular model
does not include physiologic feedback control mechanisms or any ability to predict
altitude illness rates. An alternative to the functionally limited Kessler-Houston altitude
model, however, was not available. Looking towards the future, hnwever, USARIEM's
Altitude Physiology and Medicine Division has developed a broad, se of research
results in altitude physiology and medicine. Such data will be useful for creating a
dynamic model capable of predicting a broad range of physiologic, performance, and
medical responses to altitude exposure. This will eventually include the ability to
simuiate, or predict, acclimatization effects and time-dependent incidence rates of
altitude illness as well as the extent of performance degradations (e.g., Kobrik, 1983).

FLDMED's heat itrain module utilized the USARIEM Heat Strain Algorithm. An
expanded interface was demonstrated that provides improved flexibility with regard to
data entry and display modes (see the FLDMED User's Guidein Appendix A). This
facilitates creating and analyzing scenarios spanning a wide range of environmental,
soldier, metabolic, clothing, and other heat casualty risk factors. The extensive input
modes were complemented with enhanced output capabilities. The heat strain module
generates output in a variety of different tabular and graphical formats. The program
can read and write its data structures to files and has features for printing detailed and
summary output reports. The software also includes on-line references (Burr, 1991) for
review of the physiology of heat stress and acclimatization changes, operationally
oriented guidance for preventing heat stress casualties in deployment and training
situations, and a review of the medical management of heat illnesses.

USARIEM scientists have done considerable research to evaluate the
effectiveness of alternative microclimate cooling methods and devices for mitigating
heat stress in soldiers operating military vehidcleos or conducting operations in NBC
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uniforms in hot weather (Pandolf, Gonzalez, and Sawka,1995). Such data are being
used to expand the capabilities of the USARIEM Heat Strian Model is by including a
capacity for predicting microclimate cooling effects (Gonzalez and Strochein, 1995).
This involves specifying a heat extraction rate for the specific microclimate cooling
device and incorport"ig it into the appropriate location(s) in the Heat Strain Algorithm.

The one-compartment, six-node, Kranning thermoregulatory model has been
used in some circumstances in lieu of the USARIEM Heat Strain Model. The six-node
model provides temperature predictions not only for the usual core temperature but
also for four additional tissue compartments and a central blood compartment. Also, the
six-node model pio ,ides capabilities for predicting and displaying the hemodynamic
responses of heat stress exposure. To display these additional output capabilities, a
more complex input-output interface than that used in the USARIEM Heat Strain Model
is required.

The cold stress module's data structures and input-output interfaces were
designed to accommodate USARIEM's lumped-parameter cold digit model. Another
recent report illustrated how this model can be implemented (Reardon, 1994).
Although the lumped-parameter algorithm is fairly straight forward to implement, Shitzer
et al. (1994) developed a significantly more capable, but also more complicated,
distributed-parameter cold extremity model. In that model, the passive component can
be expressed mathematically as a multidimensional, partial differential equation. This
distributed-parameter thermoregulatory model is nonhomogenous in structure and also
has nonhomogenous boundary conditions. The nonhomogeneity of the mathematical
representation makes for a complex and lengthy solution (spatially distributed
temperatures as a function of time). Although considerable additional work will be
required to finalize and validate this USARIEM distributed-parameter cold extremity
model, it is expected to be available in the future as a higher resolution alternative to
the lumped-parameter cold digit model. High resolution tissue temperature prediction
capabilities could be utilized, for example, to generate synthetic thermograms.
Conversely, the data from actual extremity thermograms could be utilized for parameter
identification and validation of model-generated surface temperature dynamics.

As previously stated, the objective of the FLDMED software program was to
demonstrate the feasibility ot integrating altitude, cold exposure, and heat strain models
as well as various on-line environmental and operational medicine handbooks. This
objective was accomplished. It must be admitted, however, that although the FLDMED
program was not a trivial undertaking, collatino models is often less tasking and
resource intensive than constructing models de novo and taking them thorough the
complex and arduous stages of verification and validation. For example, it took a
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generation of highly capable and experienced USARIEM scientists nearly two decades
to develop, verify, and validate the USARIEM Heat Strain Model, and still, this model
continues to require resources for updating and refinements so that it remains current
with respect to new soldier uniforms and items of protective equipment, advances in
microclimate cooling devices, and additional data from new heat stress studies.

The development of biomedical models that can survive the detailed scrutiny of
those in the scientific and operational community with diverse backgrounds in medicine,
physiology, military operations, research, biostatistics, mathematics, biophysics,
computer science, or combinations of these high-level skills, essentially requires a

r- dedicated model development and maintenance infrastructure. USAIEM has that
infrastructure. It has (1) the facilities to obtain the basic data bases of biophysical
properties of clothing, uniforms, and individual protective items; (2) tropic and arctic
chambers and an immersion pool; (3) the specialized monitoring equipment and
scientific expertise to accurately measure physiologic parameters, time constants,
metabolic rates, and other variables for scenarios involving different types of soldier
activities such as marching across different grades and terrain with a range of loads;
(4) large altitude chambers for investigating the complex physiologic effects of
hypobaric hypoxia and new pre-treatment strategies fo: the prevention of altitude
illness.

USARIEM additionally has an extensive computerzed data base of resah
study results (GeoCenters, 1992) and the statistical support required to professionally
analyze the data for modeling purposes. Visiting professors periodically augment the
USARIEM biomedical modeling staff, typically bringing with them analytic expertise and
innovation in areas related to modeling complex physiologic processes.

It may be expensive and require considerable time and resources to develop,
verify, and validate an environmental medicine model. Such efforts, however, result in
models that can withstand the test of time and demonstrate robustness in a diverse
array of initially unforeseen implementations and applications.
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CONCLUSIONS

The objective of creating a softare program to -V,.,M,,,ot,.o the feasibity of
merging altitude, cold, and heat strain models along with on-line medical handbooks
was successful achieved. This is the first time that this has been accomplished at
USARIEM. However, this prototype can only be considered as a proof of concept. It
was an independent in-house effort. It remains for the more ambitious and talented to
take this concept and rudimentary implementation and completely redo it, employing a
user-centric approach. A structured development process would typically include a
formal needs solicitation and assessment; software design, development, and
maintenance process; state-of-the aE:software technologies; and fully validated
models. Software standards (e.g., see Appendix E) can be used for guidance. Formal
project management and control mechanisms should be implemented so that the
product development effort occurs in managable phases with intervening review.
analysis, and decision milestones. Additionally, an efficient process should be
established for generating the supporting documentation required for in-house quality
control and configuration management and to maintain compliance with external
acquisition and accounting regulations.

It is commonly recognized that the prospective users should be involved in
defining operational requirements and performance specifications for an incipient
operational software product. It should be user driven from its inception. Final product
design and development should only begin either in response to spontaneous direct
requests for a product such as FLDMED from the militarj medical community external
to USARIEM or secondary to an active and successful effort to market the concept after
eliciting awareness of such a product's potential utility. In the latter case, the desired
and operationally useful features and functionality of the environmental and operational
medicine software-based decision and training aid should be actively solicited from
potential users This can be done with job and workplace analysis, interviews,

questionnaires, prototype demos, and other techniques. The potential users can
thereby define and distinguish between the necessary and nice-to-have input and
output data elements and functions, interface structures, responsivity, color schemes

. and other details. The program specifications and design should also be based largely
on what the users' responsibilities and tasks are and how they anticipate that such a
software tool can be of assistance to them. The software must satisfy the users', not
the developer's, concepts of what the product should and should not be in terms of
function and form (for a somewhat contrarian opinion, see Martin, 1995).

Storyboarding and rapid prototyping can be of use in helping the ptential users
formulate or articulate their ideas and concepts, as well as to demonstrate what will and
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will not be practical or possible. It is important that the potential users be assisted in
clearly identifying all the services that they want the proposed software product to
provide when operating under both routine and stressful conditions. The proposed
product is not likely to be successful or used if it does not provide the high priority user
requested services and functionality. Some examples of important generic services

include the following: saving time; automating or reducing the time for completion of
routine, boring, or difficult administrative tasks; imparting new or difficult-to-grasp
knowledge in an efficient manner, automating quantitative analysis where this is
required and too difficult or too complex to do mentally using simple calculations;
assisting and assuring that all important elements are considered in operational or
traihing plans; or providing a compact, portable reference source witha high-speed anbl-
easy-to-use search mechanism.

The user-identified services specified for a software product should also be
analyzed for implicit secondary or supporting functional requirements. These can then
be ranked according to user-oriented priorities. The requested software functionality in

the highest priority levels are those that should be imp!emented before those having
lower priority ratings (unless not technically feasible). If necessary, due to resource
constraints, the lower priority functions can be implemented as enhancements in latter
versions. After the hierarchy of user requirements has been determined, software

performance specifications can be delineated, after which the high- and low-level
design processes can proceed.

In conclusion, several specific recommendations are offered based on
observations made ddring the development of the FLDMED prototype software:

A repository of environmental physiology and medicine models
implemented in a common computer programming language shouid be

established by the biomedical modeling division. The selected
computer language(s) should be stable into the foreseeable future, in so

far as this can be predicted. These program modules should be
implemented so that they are portable across the most prevalent

operating systems for small and large computer systems. These
biomedical simulation modules would provide numerically-based
building blocks for the rapid development of new modeling applications.
Additionally, libraries of interface functions or objects, designed to
accomodate the input-output capabilities and limitations of the different
models, could be developed. This would provide interface building
blocks for rapid prototyping and testing of new application concepts. A
software configuration management plan and data h, P.hnld A.in h
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implemented to track, control, and synchronize the modification and
documentation process for the different modules.

, Another recommendation is to proceed w,,,,."" the exploratory desiyn arnu
prototype development of a predictive altitude response model.
Sufficient data exist to support the development of a prototype altitude
model for predicting incidence rates of altitude illnesses and estimating
performance decrements as functions of h;gh altitude exposure. Initial
versions of this type of model might only be useful for in-house concept
development and defining gaps in the modeling data base where future
experimentation is required. A preliminary nonoG(ational prototype
altitude model could therefore serve to put the current body of
knowledge of altitude physiology and medicine into a coherent
framework and facilitate the identification of specific areas that need
further research so that an adequate altitude model car be completed
at some latter point in time. A validated operational altitude response
model would obviously have many potential military applications. For
example, such an algorithm could be used to provide unit commanders
recommendations fo. optirrai time-dependent ascent-descent profiles
for minimizing incidence rates of altitude illnesses while simultaneously
meeting the timeline of the deployment contingency.

, Exploring the development of complex interaction models for exposure
to harsh environments may be useful and can be an additional method
of enhancing currently available models. An interaction model might
include tne interaction of atitude associated hypoxia with simultaneous
cold exposure. For example, miiitary operations in high altitudes may
be associated with increased risk of frostbite due not only to the
typicaiy cold, windy conditions of mountainous terrain, but also to thle
decreased vigilance caused by the depressed alertness and cogniive
impairment from altitude associated hypoxia or incapacitation from the
various typos of altitude related medical conditions.

* USARIEM also has data bases to support inclusion of nutritional factors
and injury preaoict.3ns int3 current models for some apphications.
Present models could be expanded, therefore, to provide advice with
regard to modulating dietary components for maximizing soldier
performance in different types of environments and areas of operation
(e.., Thomas, et al., 1993). Military environmental medicine software
tools such as FLDMED cou!d also be enhanced by including predictive
caoabilities for estimating incidence rates for foot blisters and
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skeleto-muscular injuries for scenarios involving activities such as
marching, climbing, lifting, or load carriage (e.g., Knapick, et al., 19-92;
Reynolds, et al., 1990; and Jones, 1983).
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APPENDIX A:

FLDMED USER'S GUIDE

INTRODUCTION

The FLDMED program requires DOS (version 4.0 or latter) or an alternative operat-
ing systems that can run or emulate [..O0S. For example, FM . _,' ED runs well in a DOS
window within Microsoft Windows 3.1. The FLDMED program can be activated by running
the fldmed.exe file. This can be done within DOS by typing-"fldmed" (ca- nsensitive) at

the DOS prompt. Within the Windows operating system, double clicking on the fldmed.exe

file name in the system file manager window will also activate the program in full screen
mode. Simulaneously hitting the ALT and TAB keys will display the program in a reduced
DOS window.

The FLDMED application is composed of four high-level components, an introduc-
tory module and one submodule each for altitude physiology, heat stress-strain, and cold

stress. The introductory screen as well as the initial screen for each of the three

submodules are depicted in Figure Al. The introductory screen has a camouflage pattern

to emphasize the military nature of this application. The top-bar selection menu serves as
the the gateway to the three environmental medicin .,,e a.n , physiology submodules and

establishes a hub for navigating between them.

T'he pictures of the FLDMED application in this user manual are screen captures of
the actual FLDMED program run as an application in a DOS window within the Microsoft

Windows 3.1 operating system n. /t t g , i s it " thi" ............ show FLDMED
screens in greyscale, in actuality, FLDMED uses colorized text extensively for highlighting
important items and provides an efficient mechanism for visually grouping and segregating
functionally related material or options as well as directing the user's attention to important

messages.

After initiating the program by typing 'fldmed" at the DOS command line prompt, the

camouflaged introductory user interface screen appears (top of Figure Al). Any key will
then cause the main selection top-bar menu to appear. This top-bar menu provides the

following choices: Altitude, Heat, Cold, and EA-I-;. The - r.. ... " LII Lu:W- -'-:-U 'I-:, c
hits the Return key to activate it. The top-bar menu format, as well as the overall interface

layout scheme (look and feel) and use of color schemes, were features designed to be

uniform across the submodules.

40

~ADA294006



ADA294 006

searcIsemIt -mnt

Nat- ick flats. 01

25 c n .- .S .. . . .

.4

Lls engmt (Cn): 38.8 J8.0 0.0 8.
Iner stp nae CCn): 28.0 28.0 20.0 2.0

ia ~pmt (cn): 29.0 28.0 2'.U 20
nhet ry inibten (0- --S.0 15810. -t-R. 1SM. 159.

Bmtsae tenap (9/c (0: 308 5828.0 3. 09.
Disctn tine const Oirz>: 1.3 1.3 1.3 1.3'

V~feigenualue per. step: 15 is Is Is
.t tranv coef circ/tip: ?.12 7.12 7.12 7.12 7.12 7.12 7.12 7.12

Thea-nal conductiuity: 0.419 0.418 0.418 8.410
Thiermal diffuzivity: 8.884546 0.0804S46 0.0804S46 8.8RR454G

- USARIE1-

=SETI 4
Number. of tr-oops: Igoe lets 1oo 180
Aug hgt <inches): 78.14 76.8 a 0.81 79.

DAsg ut (The): 169.8 160.0 160.8 160.0
asL1.iItized: 8. 3. 5. 8.

111itial care teap (P): 12B.0 98.8 90.0 90.9
Avg.skin temp (F): 96.8 9. G0 9.

Initi~1 dhydrAtiais <%): 1.24 1.24 1.24 1.24
Clothing: DDDU open URDU IJDDU wDDU

Dry bu.lb tenp (P'): 9S.0 109.0 185.8 110.6
Rcl hunidity (%): 20.0 20.0 20.8 20.0
Wind apeed (mph>: 2.0 2.8 2.8 2.8

Uork colapra-enc in shade>: P'art 19 clan th Full -- un F ull ru su3 tn
Activity: Mlarchting flediun Heavy Diqguinqi

Mletabolic rate (watts>* 438.8 422.0 592.0 642.0
Required vat-k time (nlnc): 2411. 24R0 248.U 240.0

flax allowed time (mint): SUB1.8 5981.8 !lffi) a sea8
Wirk/tst cycle (mins): 50.0 10.0 $50.11 10.8 s8.6 19.8 L0.6 10.t0

Drinking water- Cqtc.'ha): 9.5 U.S (1.5 0 1.!
foals/Ly & ng NA/nudl; 2 1822.8 2 1822.8 2 1022.0 7 1822.0

GI - I t* *-

Figure Al: The introductory, altitude, cold, and hieat stress modude interfae screens.
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HEAT STRAIN MODULE

The heat strain module can be accessed by selecting the HEAT option from the top-
bar menu in FLDMED's main screen. The heat strain module also has its own top-bar
menu with selections for inputs, outputs, options, medical information, help and exiting. If

the user selects INPUT from the heat module's top-bar menu, a popup submenu of alterna-

tive input mode options are presented as depicted in Figure A2 below.
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Figure A2: Heat strain input options.

Several m-n'hods are provided in lower-level submenus for selectively changing data in

the input grid from default or previous session values. Input data items can be entered or
modified by rows or columns (data sets). Related groups of data elements can also be
changed by selecting from among input functional groupings as enumerated in the Input
menu selection list. For example, selecting Activity generates a submenu frcm which the

user can select Marching, Activity List, or User Defined activity. If the Marching input option

is selected, the input window shown in Figure A3 is displayed.
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Figure A3: Inputs for marching parameters.
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The marching data entry window allows the user to input the data required to calculate
the associated metabolic rates (e.g., see Pandolf, et al., 1977). On exiting the Marching
data input window, the metabolic rate is automatically calculated and entered into the
appropriate input grid cells. Alternatively, the user may enter activity descriptors and meta-
bolic rates directly into the grid cells or the user may select the Activity list option as shown
in Figure A4. The metabolic rate table in the user-defined activity entry screen provides a
convenient reference for entering the metabolic rates associated with common soldier tasks
or activities. Data entered in the activity subform are automatically entered into their proper
locations in the input datagrid on exiting to the main heat stress-strain screen.

Example Activities:

Task Range WIatts________ ________

Uer Lgt [195-163] 1 2? [User. Defined fletaIbolic Rate:
Light -- 19B-292] - 247
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Fie id asaults ----- )477

Digg ing an emplacenent ->548

Figure A4: Activity list and metabolic rate input window.

The heat strain module's input popup menu contains an option for specifying thresh-
olds (Figure A5). These thresholds define the values of core temperature, rate of tempera-
ture rise, heart rate, and level of dehydration above vwhich output listings for core tempera-
ture, heart rate and dehydration will be prefixed with special characters for easy identifica-
tion.

70* 7O811.0 ",0

He ujlt 00 2R.0 2H.U 20.0

Weind zp:ed <mh: . 2.0 2.0 2.0
Worh zoior(rest in shade'): Pary c lou Full sun Full -ain Full 2un

Hcqujred or: Linc .in=): 2i A (dI. 1. 2-10.0t 240~.0
flax ,mlled vine (,n)-: 505:0 r.03.0 SU.0 i

onl's k pa it .7rinx): SO.0 18.0 Se.8 19.0 S0.0 ie.0 58.0 10.9
1.*~ ~ 0.'.v ''( (r.h~ .. 5 _S 8.8.6

tl~ldy&n a/.meal: 2 1822.80 2 1822.e 2 1022.0 12 1822-0

USAhIEfl_

Figure A5: Inputing thresholds for tagging output data.
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The type of uniform and solar load cannot be entered directly into the grid cells. but
must be entered via subsidiary popup data entry screens or windows (Figure A6). Solar
condition is entered one set at a time by selecting 1 rom Clear, Partly Cloudy, Cloudy, or
Indoors from the solar condition menu (Breckenri(-' -J, 1972). Uniforms are selected from
the Uniform option in the Input listing (Gonzalez, et al., 1993 and 1994).

-. 1sti. 26AUSftP SAI pl~e-T

i~fladst~~ fr Mevvcl jiiwt

Fig rnure 336 Uniorsleti
Nuriioa fatrW r nadtoa nu pinwti h etmdl' nu eu

FigureO~ A7. beo4stentiio1nu&cen talosteue ospcf h ubro

fil rtos osme e dyb tesldesaswl a h gasof1dumprrain
From %S thi. inomto thehetmdl cacuatsdl satitaeOs atofteoupt

diplyetraphall or ir n he topu gid.toto ihi teha oul' nu eu

Fiur A7blwi hIurto nu cen I alosteueose ifytenubro
field ration conume pe da bay th odesa el stegaso sdu eain

CHic X11IQin I 3.2 164 1484 " in, 5 14 1828 Cal89'4

7. Beef Stcw 3.48 1773 1551 417 46 241 19 128 406
3: 8.i Stew 2.7c 5.3249 1824 44 41 16 215 1348 479.lHatknl e 4.44 213 14SU 59 62 172 1269 1494 562

tiB Tna & Saudc 3.611464 52 4 6 139 210 1318 496
611 Chic & leen 3.2V 1622 L40 SG 56 146 191 1262 446

1112. Ilan & Potatoc: 3.62 1717 1490 30l 42 106 29S 1273 578Av___Rer.age: -3 1 8£22 1359 4i bi V>2 221 13413 '163

I~Note:tao Augue~ 9 of neals per~ day: INj Note: to cfnrt
.fromH oM~ u~ a KgN per eal: foMaito Ha

uI ciple Ha, by lttpy MaCi by2.542 i!- - - -- ] 9393

Figure AT: Meals and salt intake.
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After input parameters are specified in the heat module input data grid, the user may
select from a variety of different output options. The-&utd optiolin the heat strain mod-
ule are accessed from Output on the top-bar horizontal menu. The pick list for output
format options appears in the following popup menu:

I --- OITPU'[--"'1

1
Graph: one

Detailed data
1

Print
-gave

If the Output Grid option is selected, Fiure A8 appears in the display aindow. This
presents a tabular summary of the outputs for each of the input data sets. Pressing any key
then returns the user to the screen with the input data grid.

.... .. - i--

.- rs 1 = sEU 2 SETI3 TOU S7 4
Nunbel. of ta-oops: 188 180 10
. heat catualtgs! 88.74 0. e. 8.

if o) }at casualties: 69. 8. a. 6.fl&x. cmre tenp: 103-6 111.7 181.?. 181-8
Hourt to nax cr*=t np: 4.8 4.733 4.767 4.8It.8 f.3 1.163 1.193

1120 con:unned/man (ltc>: 2.417 2.417 2.417 2.41?tsic t lo3=/an (Its>: 4.354 4.385 4.674 5.842
Me 1120/man (It=>: -2.614 -2.565 -2.934 -3.392

x dehy Lration: 3.682 3.535 4.042 4.55
Min lt vceded for unit: 301.4 376.5 413.4 459.2

flax ]haxt rate (bpu): 160.2 117.5 117.S 124.4
Hours to nax heart rate: 4.833 4.833 4.833 4.833Hourn neednd for nistion: 4.833 4.833 4.933 4.833Allowed-requ red hour: 3.5 3.5 3.5 3.5
t1x nonstop work (gin): 6.93 No Unit No limlt $o linit

Cool pou in slade (Watts): 5.308 4.54 3.337 2.582Diotarvf (gn.): 3.644 3.644 3.644 3.644
Swc ff. lost <W=); 5.491 5.437 5.875 6.312

Net (diet-.ueat> Na (-rM): --.8s -1.793 -2.231 -2.6f8

112RT.h

Figure A8: Heat strain output data grid.

The graphical display options are listed in the graphics selection menu shown below.

?I." C.suIty lh-C 1
"Ise. Bare C/ rts

Multiple output data sets can be graphed simultaneously. Alternatively, each data set
can be graphed individually. The user may select either one or four graphs per screen.
Graphs can be printed directly by pressing the letters p or P, if the DOS Graphics co.and
is installed pri,' to r unnin of$i, , a tU p, IV,Inter is in a Hewlett-Packard (HP) printer
mode.
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Figures A9 and A10 illustrate core temperature and heart rate profiles for four sce-

narios with the same work-rest cycles. Tabular scenario i-nputalata %Are, pro9WV1 Ife inlth

background to facilitate comparing results. The data sets and corresponding graphic

tragE Iories are given the same colors to enhance rapid visual coordination of tabular and

graphic data belonging to the same sets.

core freo

me -ai~tI~1~ 2.J: 39. - a 1 I S

1ei U ~., .u .4. UB 6001

Clot 1.1111 1.12 1.1) A1

t.00'Ins): ItG * 8 .

h~~~4, grI- In:UI~

Figure A9: Core temperature graph.

Hca~t Rage

20 --

/ /2U
-~ Isso

a. 2

I I 3,IItu: 28. B.45 29. 8.

to . 5 L..
use.--- ------ f4~o-3'oe4~.. I? Ut

1. 2 .3 11 11

FiueA0: Heart rat profiles.
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From the Options choice in the heat module' s top-bar menu, the user may select to
have four graphs plotted in one graphics screen. Figure A! 1 reveals a typical series of
graphs drawn after selecting this option. This type of output format is useful for visually

comparing principal differences in the physiologic responses to the different scenarios. In

the multiple g!aphs per view, the tabular summaries of the inpui data are not provided.

Cori, 100W Reawt Rate

- ., 1- - . . . i.66oJ1

19G. a t A. t

a ;1

I Sweat Itate ua=s $erlc4t p iotllv

i a-s *C .

I - -±D * • I ,

I k-

O.D . -- :) 0a-) -

9 1 2 a 1 C 2 3 4
Ita

Figure Al 1: Multiple graphs per view.

Some of the outputs for the heat strain module are also summarized in bar charts
(Figures A12 and A13 ). A pie chati option is also available for depicting percentage of

casualties when each data-set represents differeni parts of a composite senario. Line
graphs are useful for presenting time dependent, or dynamic quantities, whereas bar and
pie charts are more useful for comparing relative magnitudes of point values, final cumula-
tive effects. or results such as casualties.
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a of troop-, & exvoteA 0Ot )* boa oauties
Jue to vioat *Oaustien and heat st~43c.

9E0tol Sotoz Sot*2 got"

Figue A12:Heat casualty bar chart.
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From the heat strain module's Output menu, the user may select the option to view a
detailed listing of output data presented in text format (Figure A!1" The detailed output
data listings activates a scrolling window of inputs, time dependent outputs, and output
summary. The time dependent outputs are automatically tagged when values exceed
those specified in the thresholds section of the inputs as previously described.

Ambenttem (F-> 91.8

%Iind Cupb> 2-8
4 of troos -) 1W
Day~ acclin -) 9

Hegt(inches) 'X -81
Weiqt~lhs -> 169.8

flax tre allowed <1'> -> 182.S
Ire initial < -> 98.81MR initial 4)(5.8

Init dehiydration Cv)) 1.24
A~ctivit, -> Haerching

Met rate (watts)i- 438.83

Markers ->equals or suwpacces a thweshhold 31nit:
Ifeart rate threshbolzl (lava -> 198.9

*Delta core temp CP15 min=30 threchold -> o.9
Dhdain threshhold -> B ?. of body vgt

ii OUTPUT FOR SEtV I
flour finz Phase Tre HR Uts sweat Ltz net H20

0 a wrk 98 .8 a S G .5-
u ork 99.8 92 8.S 3-9.6

6 work 99-2 8 a., :@.G

8 10i work 99.7 114 0.2 -8.
A 12 work 99.9 Ile 0-2 --

13 1 w ork 199.2 126 8.-3 -8.V
ain work 188i.3 129 8.3 8.7

- ~ ~ Fidned-

Predicted Uof heat eae,,ltie= - 8
Predicted v )scat cial~tjez; - 89.7!i~ Tre max -193.6 <P) at 4.8 hour--.
Sweat rate flax - 1.1 lts'lr at e.0 hzur=.

*Dictar~N itake - 3.6448 gnitz/ay. I
rUcat lossjj - S.4947 as
Net <dietar,-swrat)- Na balance -1-.852 ga..

<ktl: oMaC2 - 2.542.*Sa u-.ing either ng or gas foci- each.)>
*Qis of uaier consuned - 2.4

Pere nt dehydated by end of niscmu 3-6
Hio y allons of water required for c ~prattoo = 32!-4

=o=hisreurei! to nn-.Irte the work 48

Predicted max reconzeznded work tine Cnlnt) ?R9 I
Fitiuiron- cooling power (wattz) -------- --------- G-

Figure A14: Scrolling window to view detailed output data for one input set
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Data can also be saved in a speacisieet eomlpaiie format ihis is accomplished via
serving delimit the separate data elements (Figure A15). To view the saved data file from
within a speadsheet program, use the speadsheet's file import option and set the delimiter
to the double quotation mark. The data wll then $I T&Wai ! Ut $CIS SIndVIVdaS

speadsheet cells. Further data analysis or data-set Comparisons can then be carried out
from within the speadsheet. If FLOMED is run within Windows this can be done without

closing the FIDMED application.

A"he ort ( a
avg "g Data 2aved 40 a cvtim and dt-21ited 16s.e

:pweil taadcdieet file. lise the fripgzt option. a.
C.sintrp): T5.8 56.3 96.8 6-

InitialhdatmCz> 1-24 1-24 1-24 2.-24
Cltingi: DJU opc-n U941 G~i U

Dry kab teap MF: 95.6 1118.6 195.8 119.8
Bel htidity cx): 20.8 20-11 2a-8 28
Wind speed (ugh): 2.8 2.9t 2.8 2-ft

Uark zobarlrezz in, sa): Faztl' clou Full tun Full sun Funl =on
Actfutty: narcinsj tiedlum mv z~gainz

Metaholic race <wat=>: 432-8 422- 5;V. 64z.
Requw;= .oktneCead2g 240. 248.e 240.0

ita alotin SM-11 Can):58. 6.0 590. S.0
Vork4k-t cycle (ninz): 56.9 10.6 58.it 10.4 52.0 16.8 5083 11

Neaeidap& g Ri~l:2 1322.- 2928 1 2 1822 .8 9 2-e C2.

Figure A15: Saving input & output data sets in a speadsheet compatible format.

The FIDMED program also is capable olf printing input-output data. The user may
select either a short data summary or a longer detailed listing. Each set can be annotated
with a short,- note ,(Figusr% At tL. g fi " C tU I IC1 I ty On: sjippilts printing in the Hev-ieff-

Packard (HP) printer mode. If a compatible print driver is not accessible. an error message
appears to notify the user that, although printing~ from within FLDMED was not possible, the
data was ritten to a named text file. The user may latter print this text file frmotseth

prga sng another print driver.

I TI-ie: 12:2S:43.3S Date: 61/31A935
Type of Pejincami <S-Suumnary FFull Length),: I

AZi COMWiet= for D~ata Set1=1

ll7 hit Info Svez into t~e data file.
Wurk =oa-,xr~rc~t in shade): Partly ulan T.111 sn Fall F 11 =us,

Actiitv tl'rir%7i! fklai __wp -75
Heit.iialic rate G.Fatzz): 430.0 422. Me,. £42.U quired wor-k tinte (rw1-s): 2491. 24ax. 246.8 240-e

jfflax s'lI*nede tire (reinz): sue.La ~I.3 560.9 st

Vrinkln7 uster <cr:,'i12r): 0.5 j .5 6. I 12
Ma & tr; Na/mnal: 2 1828 2 1822.-0 328 2

EMOW -----

Figure AiG6: Requesting a printout of annotated input-output data
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The MED INFO option in the heat strain module's top-bar menu activates a popup

menu of topic choices per Figure A17 below. The MED INFO section represents an on-line

version of the USARIEM Technical Note 'Heat Illness: A Handbook for Medical Officers"

(Burr, 1992). This handbook was reformatted somewhat to facilitate its implementation as

an on-line computer-based reference. Additionally, color highlighting is used throughout the

text to draw the reader's attention to key words, phrases, and concepts.

-______- SEr*3 SET# 4
Number, o 100 10,0

Avg h1t 78.8 10.0
Avg W B. 160.0

Init i re 98.0 98:13
Aug. skin 96.8 96.8

Initial dehydra 1 1.24 1.24IHII)II kinTOUi

Win d spe 2.0 2.8
Work solar(re t I Full Gun Full 3Q3

Heavy Digginv
Mletabolic :ate S97. 642.

Reieutred work tin 244.8 248.0
Max allowed tin 509.8 580.0
Work/Rest cycle (<nns>t 58.0 18.0 50.0 18.8 e.0 10.8 G8.0 13.

Drinking water (qt<,,'r): 8.5 0.5 .5 0.5
Healn/day & ng 1k.eal: 2 1822.0 2 1822.0 2 1822.0 2 1922.0

Figure A17: On-line medical heat strain handbook.

As an example, if the user scrolls down the MED INFO menu to the line for Work-Rest
and Water Tables and then hits the Return key, Figure A18 below appears. This scrolling
pick list of tables alk,ws the user to rapidly jump directly to specific work-rest, maximum

work time. or water requirement tables. As indicated, separate tables are provided for both

day-time and night-time military operations.

Table Title

r. Maximum Work Tin~es
> E2 Water Requia'enent. For Maximun Work Times
11.3 Recovcry line Estiates after Maximun Work

->1E4 Minutes per Hour in Work-Rett Cycle
ES Water, Requireanents for W ,,A-lese Cycle

--> Ft Maximum Worl: Times
> IP2 Water Requir,Rent for laxirmm Work Tines

-FIF3 Mlinuts,- per Hour in Work Rest Cycle
>__4 Wat__ Requiaraents for Vok-Rest Cycle

Reference: USARIFi Technical Note 91-3. "fleat Illnes: A Handbook
fo Medical Officerc". Appendices E & F. June 1991.

IUse tc uroll ar to elect & uiea a table; press Esc to exit.

Figure A18: Work-rest and vvaer table selection list.
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Figure A19 is an example of a table that provided recommendations for single-shot

maximum work times during daylight operations (Burr, 1991).

[a1b1e E-i l1jiiirnu Voi1c Tines Da1)tiue
.OPPO HOPP44Underwea HOPP4+BDU

UjB T - UL L H 1 UL L Hf UL L M H

9 1 -82 NI, ,L 1 H!. M, ' .j,, , i
81 0 !4 . HL NL "L If SL

2 , .8? 1!HL HL M , 1L HL HL
04 1 9' NL ML ' , HL i NL

106 NL NL ML H L
fl T'94 ! NL NL NL . HL

'_98 '96 NL NI, NL HL .
-92 98 NL HL ' ML ML
.94 .18 ML ' NL NL -•

j4 11;M
~Y~183 11 L I; e. i

Usc 14B01 or Ta where: Work~ intensities Watts Navigate:
UBGTI=tet Bulb Globe Tenp. (P) UL-Uerg Light = 10?->I? IT or vg up
Ta-Dry bulb anjbient tenp. (F) LLiqght - i?6->325 4 or pg dn

M5HY huriditv + clear ulty. I t1cdium - 32G-->500 hone end
NL=No Limit . .I ._-Hea,, 508+ - Io.U. exit

Figure A19: Maximum-work time table in the medical handbook.
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The Help option in the heat strain module's, 1 v-0-1M,,,.u p. . vi...-, tE u -i itruc.ions
and caveats as shown in Figure A20.

INSTRUCTIONS
1. The 4 input data vets can specify 4 different senarios

and/or 4 soldier subgroups.
2. One can Simulate tim response of the average soldier in

the unit. However. alto simulate sub roup? that are
at aectmed Increased risk such as thoe thAt are less
aceoin't12ed, carryinm heavier loads than average,
uearing different uniforms, more dehydrated, or with
elevated baseline cor temps (i.e. rebrile>.

3. No standard deviations or confidence intervals for the
outputs are provided. One can simulate senarlos slightly
mo re extreme than anticipated to help determine the
sensitivity of the outputs to various input parameter:.

4. Csualty pdiction is for total heat exhaustion and
heat stroke. It is based an a Normal prob. density tunc.
with a rean of 39.S C and std. decv. of 8.25 CL t

5. Analyze the results in the light of coron se.;.e, prior
experience, and nedical judgement. In the training
environment and unless instructed otherwise by the
commander In a combat environnent the emphas should
be on preventing any heat stress casualties.

press Enter to continue

USAHI Eli

Figure 20: Heat strain module help ar iriforation screen.

From this screen, if the user hits the Return key, a list of references for the USARIEM

heat strain model is provided (Figure A21).

FldImed -_.

, REPEf4CE S
1. J.R. Dreckenridge and R.P. Coldran. "Solar Heat Load In Man".

J_ Appl. Phyrsiol. 31, 6S9 (1971),
2., V. Epstein. L.A. 9trochein. and H.D. Pandolf. "Predicting fMetabolic

Cot of Running uith and without Backpack Loads". Eur. Appl. Ph y siol.Sfi:49S-Se8 (1987).
3. B. Givoni and H.P. Goldnan, "Predicting Rectal Temperature Response

to Work. Environment, and Clothing". J. Appl. Phyriol. 34, 201 (1973).4. B. Giuoni and R.P. Goldnan, "Predicting Heart Rate Response to Uork
Environment, and Clothing". J. flppl. Physiol. 35, 875 (1973).S. X.R. Pandolf. R.L. Purce, and R. - Goldman. "Role of Physical Pitness
in Heat Acclimatization Decay,& Reinduction". Ergonomics 20.399 (1977).

6. H.B. Pandulf, B. Givoni, and .. Goldman. "Prcdicting Energy Expendi-
ture with Loads while Standing or Walking very Slowly'. J. Appl.Ph~sIol. 43, 5*12 C1977h).

V. H.B. Pandolf. L.A. Strochein. L.L. Drolet, R.R. Gonzalez. & M.N. SavIa.
"Pr-edictaon odeling of Phytialogical Responces and Hunan Performance
in the Reat . Comput. Biol. Ned. Unl. 6, N.S, pp. 319-329, 1986..

preso EnLur to continue
18/92 USAHIEI

Figure A21: On-line refernce list for the heat strain module.
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Figure A21 shows the introductory screen for the Altitude module. Depicted is a grid

with a default ascent-decent profile in overlaid tabular descriptive a...d ,graphil,cal formats.

The vertical axis is altitude in thousands of feet. The units for the horizontal axis are num-

ber of days. The user may select the Input options from the top-bar menu. A pop-up input

selection menu then appears.

.MMI I G o - 1 , 9 . ., B ,,e .. 5 38 .5 .1

+---4--4--I 1 (ft) Aft2 ( t) fron Dayit to D~ay#---- "

Figure A21: Altitude default profile and input mode selectinn pop-up menu.

To specify the physiologic parameters for any or -if of four senarios or sets the user
should scroll within the Inputs menu to the Variables choice and then hit Return. This
causes an input grid for the physio l ick Varia o appar a sh iO 1 ig 22
Within this input data grid parameters can be changed within predefined constraints. Val-
ues outside of the valid data ranges are not accepted. The F1 key can be pressed to
activate a small pop-up dialog box that states a variable's limits. In Figure A22 the user
has entered a different va lue for the" r' I II I;II o in c o I fu I ata I ets

LI -i-- FtTw

1- s 1 4 1 ,124.. .. 5
Fiure physiologic parameters. 50 of 4our s 5r

~Al7.49 0.6

shouBlocoll witint Mut menu totVrale hieathehtltr.Ti
HC03- 4.0 2-0 240224.

case a ipu gidforthnh,;,,,;., ( ,,,-,,) 9' ".8 100 ,<,,o1"vaparao"' .. , M.0 Fgre ^ '

has entred a iure 22 I npu frt rid or py~s ilog ic k aetr.. l

.... iiv ii v ii V-Ill~i I  
tlJil Gol l l lu ll54Il e

I LTI¥ • NI/!I' 400;l
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The altitude module's default ascent-decent profile can be cleared by selecting the
Clear Profile option from the Input option. The Create New Profile selection also clears the
current profile and generates a window for crating a, nw ao,'"-dc, -4f1^ FMgures'-: .

A23-A25 illustrates the data input windows and movement options popup for constructing a
custom ascent-decent profile.

5 t 1s 20 25 38 35 1-

i 'f

is I I I a I I 5 1

, ___! i -e _ _ _.. .

iJ

Figure A24: Ola ascent-decent move t '.

isA 2 25 0 354j_ 1 1 11 N Vg 3. 35 I

4u - -' , . ..1. 4- 4_

13-

20 !; 36 3

Figure 24: Selc,, .... an q as _ntden movmn..
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After the physiologic parameters and ascent-decent profile (Figure A26) have been
entered into the altitude module, the user may select the Output option from the top-bar
menu to generate a set of composite line graphs (Figure A27). The graphs plot ambient
pressure, ambient oxygen concentration, alveolar oxygen concetration, and arterial oxygen
concentration as functions of the values of time, altitude, and physiologic variables.

Baxosnetrin Anh~r fMioene 02 Prcesaure
eo

550 ItSt

HSO 50

4(39 itiijo

-~-A~t,'2 &1 02Pfl9rC rtorsa 02 Satur'ation

15 -LA

69 1
1aj 4

Figure A27: Graphical output for the altitude module.

57



As was the case for the heat and cold modules, in the altitude module, the user may
select MED INFO from the altitude module's top-bar menu. This option activates a popup
menu that lists topics in military medicine related to deployments to locations at high alti-
tude (Cymerman and Rock, 1994). Figure A28 below illustrates the appearance of the
medical reference topic selection mode. To select a topic, the up or down arrow is utilized
to scroll through the options. The Enter key activates the selected choice. Alternatively,
typing the first letter of a topic will send the cursor directly to that line.

SRui -o 2Sa 17 0 3 -

-- sc nd - "--to--Gu lar-3- -

-.-- -As cend

- -Descend --

Tf 2

i1 i0 a 2S 30 39

Figure A28: Altitude's medical reference topic menu.

Figure A29 below is a typical display from the altitude module's medical information
reference section. In this example, the user can review a table of reference values for the
constituents of air in the environment as well as for various internal locations. Additionally
the respiratory ratios are provided for the three major macronutrient food groups.

Usually the ratio of noleculet of 02 absorbed from the lunqr to thc
N of nolecules of C02 released into expired air is not exactly one. This
is the rc-pizrAftory rotient (RQ).

Food source R*

Suga r 1.8
Protein 9.82 Auerage diet -> RQ=0.82
Pa t 0.?

Nauipate: j--p. Fg-do,. , ays. Hn .. End. E c & other_ 5 to exit

Figure A29: Altitude physiology content example.
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FLDMED's cold module is reached from the top-bar menu of the main program's intro-
ductory screen. The dynamic numerical portion of the cold module has not been imple-
mented; however, the data structure heirarchy for thisd module was specifically designed to
accommodate the insertion of the predictive USARIEM lumped parameter cold digit model
(mathematics of the model described by Shitzer, et al., 1992; an expanded software imple-
mentation derived from that reference is described in Reardon, 1994). The input interface
designed to accept the necessary inputs for the cold digit model is shown in Figure A30.
This input interface utilizes the same format as the input screen for the heat stress module.

DI G5 4 1
Length Ccn): 8 8 8..9 8.8

Jncr step from base (m): 21A 2.0 '2.9' 2.0
Diameter (cn)0 2.0 2.8 2.0 2-9

Anbient dry bulb tenp (0: -5 9C -5.0 -58_ -S. ITlarczhald diqit tenp (0: SP G. A 5.8 S.0
Tin, bcgin/cnd <hr3). 9.0 S.0 9.0 6.0 0.9 5.0 0.0 5.9

Tint. increment (PItns): IS 15.0 1.5.8 15.8
lla:%e tenp final (0: POX 2. 291.0 20.0

B e nis tine conwzt (hrO: 1-3 1.2j. 1.3
I ip tpnpb in t (0: ^A.0 20.0 20.0 M

Mftrat i mit <Wcn3): 150000 8 1598.0 1598.3 1583a.6
Ot rate final <U/,n^3): 5868.8 S900.0 Sa989.a 59a0C

t let ra~te tin, eanst (brs)- 1-3 1-a 1.3 1.3
# of eigenivalues per step: 15 15 is i5
Heat tra"n: coef circ/tip: 7.12 7-12 7.12 17. 12 7.12 7.12 7.12 7.12

Tlierr-al candauctiujty: 8.418 8.418 8.410 0.418
T1hcrnal diffuzivity: 0.0004-S46 9.980446 8.0884S46 0.68M446

USREn!11

Figure A30: Cold module input screen.

Although the cold module's output section has not yet been completed, the MEDINFO
top-bar menu choice is active and is depicted below.,. The popup menu contents for the on-
line cold weather medical reference is shown in Figure A31 (Burr, 1993). In this example,
the user has scrolled down to the Wind Chill Chart topic line. Hitting the Return key causes
the corresponding section of the altitude medical ref srence to appear in subsequent
screens.

______ - - -~ CPTI1 DICIT I-MJLATIQ4=~-~- --

I rnir step fran has l.nho ., Md.ft 8.0- r
Olanete -AI"Tc Noe13420

le dic.-it ra I- oc J (-od Fpsl-

711. fii iiVI -.l hi1Ivi . ( S. 0 .

Met rate tint (Vn~ ISB.@~

I 3. met ateti. cons Cld1-

Figure A31: Cold module's medical reference topic menu.
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Figure A32 illustrates the contents of the first information screen for the wir-dchill sec-

tion of the altitude medicine reference. It provides background descriptive information

about the effective use of the windchill index.

The "wind chill" tenpe-atuc is an etit.ae oE the still aip tenpeature
tist oauee the ste s hin .oling t the partcula. combination of tind andactUal teMpoz-acUpf. For example. ai t -1s*o' blowing an the skin at 10 MHI has
Ibout tIhe sane cooling effect at -33oF still air. The risk of shctn fr-eezng
is bated on the and stratified Into three zonet of
As~cending risk.

The wi-idchill temper-ature prouides a roughly quantitative inticy of the
risk of freezing Injury to exposed skin. the estimates in this table are based
n the effect nf wind and coldnn dry skin in healthy indiuiduals with norml
kin. .% :;!tin or p:,,rictvdi ci. zi; uill increase the susceptibility to

fr-i2ing injuries.

Aldit;onal information about the Vind Chill Index can be found in Toner. M.
i . and Mcirdle. W.D. 'Thysiological Adjustment= of Han to the Cold". In: Pandoif
, X.R. *Sawta. M.N. and Gonzalez. R.R. (ecs.) lunan ?erfornance Physiology and
Euirvonnental Medicine at Terrestrial Extrencs. Inu.-anapolia Indiana: Bencark! Pr, c. 1989.

Navigate: P-up-. P 5 -iown, |4kev
-
. Hone. End. Est & other keys to exit 1,2

Figure A32: Wind chill section of cold module medical reference.

Now, if the user presses the down arrow key or Page Down key, the wind chill chart

will appear (Figure A33). Such charts and tables provide on-line advisory refer,?nces as

functions of operationally relevant parameters within predefined useful ranges. These

expand the utility of the overall program and pr,,eclud T ... d " f te^ user orprog
carry out cumbersome and Jme-consuming calculations for commonly accessed data such
as the windchill index.

CTtfUL DRY BULB AflMDIET TUFPEATURE (OF)
Wind Speed

Cn M1PHi) 58 48 38 28 18 8 -18 -20 -36 -46 -50 -66

CALM 5 40 30 20 18 e -18 -20 -38 -48 -5 --&R
5 48 37 27 16 6 -S -IS -26 -36 -4? -S? -68
18 40 28 16 3 9 -21 -33 -46 -S9 -70 -83 -S5
Is 36 22 9 - -18 -32 -4S -59 -72 -OS -99 -112
20 32 18 4 -10 -25 -39 -53 -67 -82 -96 -118 -124
25 38 15 a -15 -!9 -44 -59 -74 -89 -184 -118 -133
38 28 13 -2 -18 -33 -4 -63 -79 -94 -109 -125 149
25 27 11 -4 -20 -35 -S1 -67 -82 -98 -113 -129 -145
40 26 19 -6 -22 -37 -53 -69 -8 -101 -11? -132 148

LITL, DANGER INCREAS[tiG GREA DANGER
Ic DANCET

Wind 3peed . 
greater then 40 HPI haue little additional effect.

LITTLE DANGER: if expO:ure to dry 06n is < S hrz. Greatest hazard f-on
false tense of security.

INCREASING DANGER: exposed skin nay Erecse uithin 1 nin.
CIrJQ7 rANCER: exposed ticin nAy freeze ulIhin 3R ±rrconds.

Nasiqate:, Ps-up. P-doun. tU~ues. Horn. End. Eec & other kcy. to exit 2/2

Figure A33: The wind chill chart.
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APPENDIX 8: USARIEM Heat Strain Model in MathCAD
(acdaotcd from Stroschein, 1994)

Input Va~iables (initip? values):
Eno'ronlrent: Metaboic -ate: Cohn:Tre lim~ts:

HI 7 Ta '35.0 Watts 0 n Vlt 29bortnxv~f

W g t - 7 n R 0W a t c t C - 0 .1 5 Jte - a y o r x r e s t - - B

DIH r 99.0 -0.6 m -0.6 T e imt 3 0
Tro= 370Watts 0.0 A .6 Telmtvk 3.

T*-35Tgib 0.0 Inv.c :-020

S~rF 0.0

CidE 40

vapor Pressure Cal'uaions

TbrV, sat T) 10pres-zreol a:? satuwaied wt waler W. a spec~ad skin!Omrperawure

Torr h2o s~dpj T orr 120sa(Tsk)

10

Tbr_ThO ic. 45.601 To.,TJ2oam-r 21.066

Wind eff( 0 sp -' 0 -11 16- iGO urict;.n oeaa*.,o,% f-..,
1. cewernt2 Of1cclive v..dr speed across te gt*,Ctj ,

Itm IV) " ach~b! %invd Speed and netataoic rate.
2. -. r1rng in faicri (Co) corrected for a specled

ecenre r-ind speed.
E%-p dO.;(V) : rn,,V"": 3. deterrning ew'r4Oate capacotyasC afur~pdofl of Omri spt*d

for a griven dlonrig water vapor peffneatifty index (imc;.
0.4 V-t :,vc 4.ce~rmi~g flcincywihwt-kci doTing transmi~s solar load

Solr doth efiaency(V) .1c

Wi d d!W atts VVo~ i 5Wnd u a, s

WindVe!1 vxk W5 ' ;WaWatss0.6

Ve, 5  - Wind eff'Vla,

61



ADA294006

it .taVeteY sic0etaif va , ieseiorvsabies ir3m prevmusti eefuned func cs.

it(VeI suir-4iptswk ci uo,-g wok ceriodIt re rw)rec = durrig rest or recover,' penod

Im~ wor Ea CMVet wk)

Vet A = 1.58 Vel 0.6 ve i = to ta evfe Ctvi VAc v e tc CC'O, ac,

ItVVk= 1.951 It =2.256 I= .. ,ugaj.

Im vivrk = 0.175J Im a = 0.144 Km=totl 911 ec~sve pexmiaalt§y.

wk clth iNcy(et wkN u eif iErcy of trarsee; of solar ioad to the sk~p.

U e - Slar clth-efi~ieyVeI tee

U wk=013

U Mc=0226

~i0725 kA2) - sa = bc-i surf,,-eIrea i. r.2.

6sa - Bsa(Ht.Wait)

Bm 1 825

- ~ (Ta - TSk) PHcradard cavc~txeea oa~n.

Eia(HrcjMet-SO6ar) - Hrc ~- Met - Wafts ~.SCAX.-SF. reet2'kiePoeds~ae
prevent mre temp increa.

Ermax(Coe,ap% - 1421 *Oerp-Ba'T ht Tirhn
'atscrirG capac'tv of te amnt'~ a"

Hrc r Hre ;1t

E~ Hrc~ ,Watts ~U '

Errox~ FJaxdr7m
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watts work 0

HrC or = -9.049

ftrc 7.826

= 340.951

Ereq =97.174

E=xok 112374

=92.59
Emax rec F r-. 3- dscliarat for Wre. wtdch is the asyTmpioic precded core tae.D

ref(M ,U,Hrc.EeqEnm). 26.75~ 0.004-M - O.0025*U.CMFcW -~ 0.00114fo - 02-op((Q0047-(Ereq - E'Tax))

Tref % Tref'Walts of~s U spfor v~asf ref for x1'ar~

Tref -Trefa t  rpec.o~t Ui~-rs cycie. , re mF~m1

Tref wk = 40-482

*Tref rc=37.979

*Dtrc is a funclion tha: acqusts thxe precdel as.inptett:z ccre temp for a: . .Valzn measured as days in heW, (DL~. 'Wet 41,V.

V te berrer ot heat a cdm a zdfanr can b-: ne gtW l:.y c a~ Ernfx i tall el- repeseiols Icw eva i~'e hen acceptance CaDa ciy of
Ltie eriwimrvient %(e.g as occurs in hot hk.M- cdtiJ~

DTref(Tmet,EIra) -(0.5 - 12-(1.0 - eaAO.5-(37.15 - Trzy)))-1fl A

TretA v.. OTref'Tref wk * ETnM W : refm L.A IU I D lef( l M, ellt W

TreA 't;En v~,rxo.k>, TretA vk -6, TWeA~ i if(I" rax lc>0.TrefA ~o

*Tref'A- 1.16- 10 13TretA 8&,1.014

Th!-e fzai~hg bOctI* ca~r t~e ~ r.e-aa .ae.: .-rzs 2., -. s-. W, Pia; rax water anSO;,-tA- is -1.5 hs.1.
the, ef 2. -. s vineij sweati-bg at t a:es > 1.5 Usi ~!ed 13 rC~ese edrat. d.seac amos mid mwat ln~a~ce

5S1,ea(EiaqEfm): =if (Water{ Ereq. Eim)>20M, 20.(if (Watreq,~~)~10 10W rEm!2. Er

Vter ....- 1.0567-10 Iq -W6

Vdater 1.0567-10-S-a,e;eqt; 'Ei w

* Water wk =2113

*Wa ter =0.666:a

31W0
Dely ,~. - - . t-~eto' ZrO:~ezecis cr sl',rrg w q: ce *c bhco-me $ri-arelr-
"'Watts

Delayk 9 4
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De~Y~* -
0.Oi ffea- cowe te4?

I ~~~trefrac = cvor ef lp a! Mr-1 a'. (ecverysae
TZBOC %,k - Tra Tfm rl Treo -O1 hA~ tretA = cre temnp core-tcn fo: acar-&abon.

IT'd

TreoCk M ~34 -a Vis *a daVbe emorenf ml em

13aq 03. -eC~-Te k tme Cwysa~~- ~ ~!f r :~

12D

k wk 0.017

Co=OIf --%Xr p f {.e. Io thrn?,m o.erg car. ~e l
(2' 0.015-(Br.Cx V - 1 Ss-- OG!2-,- 9,V-. V* at =V±- ail

abseb aW~o" Y.-;trvap).

40

a' -D.Cp^

De-lay MC=15

k rc= 0.002

A - - Tet

I= a44

- TT I-kr- C

k e

-~ >0 iiC-C0.

Max~v~~ais i-- __ ___ s~j~r '~~ ~. ~.~''Ukt=

A DA1s '210,. :s 0-~ 0Zc- 6- cr.~



Time Series Results: Rest phase

At 5 t final 300  t rest 20t 3

tswitch t t rest - Delay wk

tswitch est = 23.943
tswitch res

t :=0,At.. tswitch r i r 0...-.
At

ATre re "Tref rec - TrefA rec -,9o

37.1

0 37.026
5 137.034

Tre, / 10 37.043
15 37.054

37.067
25 71.082

3704 -
q W812

37.02 010 20 I

I At
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Time Series Results: Work phas

tswitch work " t work - Delay rec

tswitch rest = 29.943 tswitch work = 65

t - tswitch rest, tswitch rest + At.. tsw.tch r 1 tswitch work

tswitch
'last ---

1 - 0.. i last

TreoC wk : TreasI(Tre)

ATre wk- Tret wk + TrefA wk T'eOC. wk

ATre wk =3.401

Tne wk' -T wk. Tw-1 - wt-kwx.-i.At0

Tek TreoC~k ATreB wk(-'~~ iiAY

t Tre wk395'I
29.943 37.082

34.943 37.362
/ 39.943 37.62

44.943 37.857
385 49.943 38073

Tre 54.943 38272
S/ 59.9431 38.45538-

64.943 38.62269.9431 38.7761

375 -74.943 38.917
79943 39046

37 _______.84943 39165
20 40 60 80 100 89.943 39274

, ,t tsw~t., 9, ;4.9431 39.3741
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Time Sedes Results: Recovey Phase

ft, --t

trc = 30 Delay wk = 9.943

tswitch ,c - t c '- Delay wk

tswitch roc = 39.943 tswitch work ti

t ftl ra' t i L "At.. ttft + tswitchrc

TreoC r Tre WkLastTrw

k wk)
ATre Tref  

4 TrefAr

ATre rc = -1.395

tswitchi lst -- i last = 7.989

0.. i lst Tre

TMc TrpoC rw ATre rm.1- exp[-k f;.A+

:59.4 7

94.943 39.374
.99.943 39.357

104.953 39.34
1-9.943 39.323

Tre r114.943 39.307

119.943 39291
124.943 39275

39.3 129.943 39.259

3925 1
93 103 110 120 133

,,..ch . + J t
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Respiratory Heat Loss as Percent of Total Required Heat Loss

(Fanger, 1970; Gonzalez and Cena, 1985)

Using tho Inputs from the previous section: Function definiions:

Ersp M, P) W .00 I.,V. k4.0- r Evaporative resp heat loss.

Crs(M ,T) .0.0014.M,(34.0 - T) Convective resph eat ga3p.ss.
n.b.: 34C = 93.2 F

Work phase-

E. resp work - resp (Watts work,Torrjh2o amb.t

Cresp work := Cresp(Was work, Ta)

neLE.reisp work -E resp work -

E_.esp work = 18.444

CLras work = - 0 .4 9

netE.J.rsp work = 17.954

Recovery (rest) phase:

- Ees E sw(Watts rec Torrji2o wib.11 ')

C resp Cresp Wafts ,Tais V
e,1

eLEjresp ec - Ersp ec -. Cresp rec

E...eSp re = 5.533 This specific scenario is permitt:ng ovaporalve resp;ratory heal loss.

C.resp r =-0.147 Tbe negai . sig, here i..d~cas cc.vech-vta a g-n &C. to inJaing iie
relatively high temperature ambient air.

neLE_resp rec = 5.386 The net rc-su,' for this envirormental, soldier, ac"iAty senario is a net
aoiihty to dissipate body heat via the respiratory tract at a rate cf slightly
more than 5 Watts per meter sq. of body surface area.

PGnet..Eesp work The percentage of accumulaling L od .ohea lead
.... 100 9.611 d..rlng the work phase that can be dissipated via

E wZ work rcspiration

- 100 = 10.117 during tie recovery phasp tat can be aossipated va
E.q r c eageo fb
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Watts work = 350

Hrc work = -9.049

Hr , = -7.826

Ereq work=3 4 0 9 51

Erqrc= 97.174

Emax rc =92 59
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cardiac outputEa
Et

Q -u
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a)00) C- a) l

o E C:

z a)

E a

ca o c

0-, Z,

-- 0 E

ci I -

'5 Lii -

cr, u)W~J tto2

a.0 1
CCt cV

E _ -- _ _ _ - _n

cz cr7M

________L____ E )I
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APPENDIX D: Hypoxia Model in MathCAD
(Kessler. 1980)

=0.. 15

IPnpfLs. Alt m 250-i

R r0.8 Reprti .~U ina y a. iXe2 Pi~iuCkayi32 uptake

021

PAC02 ' 40 Si"nce diffusion of C02 throig I' e a,-eolar rnenb'ane is ver'y rapid,
the PaCO2 anid PAC02 do not significant2y difer and are therelore used intercharigeaby

R3X2 - 40

T a -371 Body ocre templ in ceni gt,

pH - 7.4 Sicod pH

HCO - 24 Piasma tta± t '

H-gb - 15 Hemogic!tn gmsi of,,=

H ct: 45 HernalocM

For tt-'.s a:,!tude rng- the barocet-e pressure is

1, ~256 A'm,Tc n cs~~iez~a~ O. 'he a ~Alt m) per!cm-ec! on eacrn element lnT- tvth r

44364.23,

Insrired 02

13,12 r F102-, . 4.

D02 Aa Tho Oa-Da pi. -n r,' p? fj C,! c. Co-e! n -r

The a -*:af pirt a! pesur--o 002 :s:

PA02 - P102 - PAcO2-*921 )
R
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The aefeedal 02 partia! pressure:

Ca~ulate an effective PaO2 to enable the use of standard HU, d ssociatbon curve Mien
core temnp. lood pH-, and PaCO2 are not at standard levels.

ROeectve RIM- * 10

u (.-00925 e1ective 00028Pa - rev eftee

0 2 -gb =1.39-H~b- 2S~T

02 I cc 021 O()cc bood

To datermire cissolec 02.

Slcoef =0.0059519 - 0.0001266-T Ce- 0.0=0013T__o

Sol 00e_ 0 .003

02CESSotved - So,)-PO

02 dSOVedcc 02110=c b:!,cd

Total 02 camed:

0 2 cpd, 0 2 H-',s02,.r
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About 23% of blood CO2 co Mblne '~t'- Hb 9t Ca 2'IJN
*7% ismi teessolved form
*70% is in the form of bicarbccate ionS (HC0-.')

pK 1 -6.1

002 bloo 0.03 P= C0 2 b =12

pH- - PK 1 loe pH 7.0

pK - 6.086 -- 0.042-(7.4 - pH-) ~-'38 T o).!(00047 0.0014-(7.4 - pH))

pK = 6.091

0 2souii 0.0307. 0.o0057. 37 -r n* r '-."w %

00 2 soulhtj = 004

00 2 bood =CC2Soubiity P-M 1 + 'C'

C02 blood = 2632 cc W21O*)c: .)Vo.,

FOB - 0.50-0 - 02913-(7.4 - PH-) - 0.08344-(7.4 - H2

FOB = 0.59

FRB - O.q0.22, /(.4t -H , 2J 7 H

FRO, =0664

'Me ce:; (.=.) topiasrna rmt0 (CPPAT-,J for disso',,L0is c KveTn,

CPRAT -FOB - (FRB FO3). (1 - O2a)

C2 CPRAT002b ~ ccCO Mrj~C

000 700 1'
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meters

Aftm P mng P102 Pm O:- i"I 0 0 02 02,c,-,.4 02, C.- 2 ....---

0 760 149.73 9683 9604 20.5 0295 18287 22.706
250 737.758 145.059 915 96.452 20.391 0281 18.406 2276
50 716.0-47 - i405 87- 95.9M. 20267 0267 18.545
750 694.855 136.05 83.15 95.304 20.124 0253 18.708 22B896
1000 674.174 131.707 78.6 1 94.578 19.96 024 18.899 22.982

1250 653995 127.469 74569 93.724 19. 7690 0227 19.124 23.083
15 34.308 123.335 70.4 92.718 19546 0215 19.381 2322
1T0 615.10 3 i19.302 R.42 91531 19257 0202 19.701 E.343

2000 596.371 115.368 6Z468 90.128 1892 019 207 23509]
2250, 57.10 111-53 58.632 88469 18625 0.179 20-507 705
2500 560294 107.792 154.9 8650 18.204 10.167 210123 V393

270 542-93 104.145 51.245 84.195, 17.711 0.156! 21 632 24 211
3000 526.004 100.591 47.691 81.472 17.132; 0145 22.34 243

0 058 97.127 4427 78279 0. 23.189 24.912'
350 493434 M~751 40.851 745633 15.6711 21 16;7 2

375 47.77 90462 372 70275 14-767 25.6 148

i =0.. 20

P1021= :10-i

PA02 - P102 PACO20 FK2- (IR

Tri- "r..- 02 pp-

I,".aI_Af_._>.PA02_ 

_ 

CIO-
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02~41 3 - T t .. o -1 ~~o

i.. coeOO0_IO-p~

0

2 331

P1021 NM 0~aiu

.00
C, 070~~~ j 7. o 11.l 23

800 271 01 051

10.) j 1 0 0 16.0.8

M30 J 067 0 C_73w5 1 4 
.

16D 87.1 5%.-7 87.1677 0.959
170 97.1 2E2546 17116 i06

190 307.1k 9Z669 313520 0.

10 111 87.71 - B57111 0HS,2
123i 671 68551721 as06

13 _92%_T_ V73 0_o43

15 9.1 969 97 0-99

107.11 7669 720
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Thc, 02 saturation curve as "liven by the preceecing equations-

1005 0 5

/am
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APPENDIX E

ANNOTATED LIST OF IEEE SOFTWARE DEVELOPMENT STANDARDS

Software developers should be familiar with general contents and scope of the
specific project relevant software stanclards (Solomond, 1995). As defined by the
Microsoft Press Computer Dictionary (Doyle, 1994), computer standards are:

... a set of detailed technical guidelines used as a means of
estab" shing uniformity in an area of hardware or software
development. Compv'er standards have traditionaliy
ceveloped in either of two ways. The first, a highly informal
process, occurs when a product or philosophy is developed
by a single company and, through success and imitation,
becomes so widely used that deviation from th- norm
causes compatibility problems or limits marketauility. ... The
second type of standard setting is a far more formal
process in which specifications are drafted by a cooperative
group or committee after an intensive study of existing
methods, approaches, and technological trends and
developments. The proposed standards are later ratified or
approved by a recognized organization and are adopted
over time by consensus as products based on the
standards become increasingly prevalent in the market,

Well-known and highly respected professional organizations that promulgate
software s'ardards include the American National Standards Institute (ANSI), the
International Standards Organization (ISO), and the Institute of Electrical and
Electronics Engineers (IEEE). These software development standards are independent
of specific applications and programming languages. They provide general guidelines,
recommendations, and suggestions for methodologies, documentation, processes,
organization, resourcing, and task d,'-composition for all phases of the software life
cycle.

The majority of IEEE software standards are not lengthy and, contrary to what
might be expected, not difficult to read. This is due to the generality of the standards,
and iheir logical organization, straightforward definition of terms, and liberal use of
diagrams, tables, and examples to enhance understanding of the text. These standards
are not ponderous and can be quickly reviewed. They often include checklists to
expedite rapid assessment of the various components of the control and quality effort
comprising software design and documentation.

Below is an annotated list of many of the current IEEF oftware developnent,
maintenance, and testinc standards (The Institute of Electrical and Electronics
Engineers, Inc., 1994).
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* IEEE Std 610.121990
(Revision and redesignation of IEEE Std 729-1983)
Standard Glossary of Software Engineering Terminology (ANSI)

* IEEE Std 730-1989
(Revision of IEEE Std 730-1984 and redesignation of IEEE Std 730.1-1989
Standard for Software Quality Assurance Plans (ANSI)

This standard provides guidance for the contents of a software
quality assurance plan for the development and maintenance of
critical software. Critical software is software used in such manners
or locations in systems that errors or failures may lead to injury,
damage, or significant financial or social losses.

* IEEE Std 828-1990
Standard for Software Configuration Management Plans (ANSI)

This standard provides guidance for es.ablishlng the contents of a
software configuration management ' an. Configuration
management involves the identification, control, and
documentation of the critical elements of a software project.
Critical software project elements include design documents,
performance and technical specifications, uata structures, source
code, and user manuals. Configuration management controls and
documents the most current status and history of a software
project. This facilitates the coordination of diverse software
development resources in order to efficiently achieve customer-
driven specifications, identify and control costs, assist with
troubleshooting, and develop training and user manuals. An
impo:.,ant configuration management control technique employs
change requests. With this method, development team members
must obtain approval of change requests from the project or team
leader prior to deviating from established design, imp!3mentation,
or documentation guidance. 11 change "equests are approved, a
configuration management auditing process ensures that a!!
secondary changes due to the primary change are made. For
examp!e, a change in software outputs requires that this change
be reflected in the design and user docurrents.

* IEEE Std 829-1983 (Reaff 1991)
Standard for Software Test Documentation (ANSI)

This standard provides guidance for developing the contents of a
test plan, test-design specification, test-case specification,
test-procedure ;pecifirations, test-item transmittal report, test log,
test incident report, and test summary report. Appendices provide
an example of each of these test control documertS.

IEEE Sid 830-1993
Guide to Software Requirements Specifications (SRS) (ANSI)

This standard provides guidance for developing a document that
specifies the functional and performance requirements as well as
the attributes, design constraints, interfaces, and responses of a
proposed software product or program. Interface functionality and
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performance requirements should be specified for interfaces with
other systems, the user, hardware components, other software,
and communication ports and protocols. Software performance
requirements should be assessed for the following properties:
completeness, consistency, importance ranking, probability of
change, verifiability, modifiability, and tracibility. Eight alternative
methods of organizing the requirements in the SRS are described.
The SRS is developed with the customer and is tracked in the
configuration management process. Rapid protoyping may
facilitate delineation of requirements, feasibility, and risk
assessment. The SRS sh3uld only specify targets for performance
and functionality; not the development processes that are
elaborated in separate design documents.

IEEE Std 982.1-1988
Standard Dictionary of Measures to Produce Reliable Software (ANSI)

Defines thirty-nine software reliability metrics primarily in terms of
functions of the number of detected errors, faults, and failures;
completeness and consistency; complexity; and risks, benefits, and
costs. These measures are categorized in terms of the product
itself or the product development and maintenance process.
Reliability measures are defined with respect to the type of
application (what it is useful for), primitives (what data elements are
required), and implementation (how to process and present the
data)..

IEEE Std 982.2-1988
Guide for the Use of IEEE Standard Dictionary of Measures to Produce
Reliable Software (ANS!)

This standard provides a constructive approach to embedding
reliability into software products at every step of the software
product life cycle. Measures of reliability are functionally
classified into product and process measures. The product
life-cyle stages at which these measures of reliability are most
relevant is also delineated. Recommendations are provided for
the administrative, monitoring, and reliability measurement
structures, procedures and documentation. The dynamics of
faults and errors are discussed. Eleven figures are provided that
graphically depict software re',,bility models, strategies,
interrelationships of causative factors for errors and faults, and
process control schemes. Additonally, *here are tables for
measure classification, COmDlexity assessment, relibilhty
management contrcl, and risk-boneft and cost evaluation.
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IEEE Std 990-1987 (Reaff 1992)
Recommended Practice for Ada* as a Program Design Language (ANSI)

This standard provides high-level recommendations for
programming design languages (PDL) that use Ada programming
language constructs. Ada-oriented PDLs wre used to develop
data and object structures, data value constraints, permissible
operations on objects, and algorithm specifications and designs
primarily, but not exclusively, to support Ada implementations.

IEEE Std 1002-1987 (Reaff 1992)
Standard Taxonomy for Software Engineering Standards (ANSi)

This standard provides basic and comprehensive ordered
classifications of standards according to functional and lifecycle
aspects of the software development process. The basic types of
standards are process, produrt, profes-ional, and notational.
These taxonomies provide application independent frameworks
for assessing, c;.tegorizing, and comparirg' the content and scope
of different software standards

IEEE Std 1008-1987 (Reaff 1993)
Standard for Software Unit Testing (ANSI)

This standard provides a recommendeo process for
requirements-based testing of software modules. The
process is defined in tPrms of phases, activities, and tasks.
General and specific test plans should identify the
input-output data elements that need to be measured and
the tasks that the software tester needs to perform on the
test data.

IEEE Std 1012-1986 (Reaff 1992)
Standard for Software Verification and Validation Plans (ANSI)

This stardard provides recornmendat'ons for the contents
of a software verification and validation (V&V) plan. V&V
plans should include the V&V organizational structures,
schedules, resource requirements, partitioning of
responsibilities, and techniques and tools. Several figures
and tables illustrate how V&V task. elate to the different
phases of the software life-cycle mc,:el.

IEEE Std 1016-1987 (Reaff 1993)
Recommended Practice for Software Design Descriptions (ANSI)

, his standard prov!des recommended contents for
documenting the decign of soitware modules and their data
and related processes. Contents should expni.i and
illustrate how project specifications were decomposed into
modules of data struL.ures and functions, explanations of
the functions and their argument lIsts (interfaces), and how
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modules are interrelated. A detailed design section for
each module defines data elements and the algorithms
utilized in the different functions.

IEEE Std 1016.1-1993,
Guide to Software Design Descriptions

This standard provides alternative software module design
representation methods based on the selected design
method. A design method may be preferentially oriented
toward data structures, function, objects, programming
design language, or real-time capabilities. Each design
method should specify a module's identification, type,
purpose, data, functions, subordinates, dependencies,
interface, and resources. Module descriptions should be
scaleable from high-level, low-resolution views to low-level,
high-resolution views. Design representations include
structure charts, data flow diagrams. data dictionaries, data
flow context diagrams, process specifications, pseudo
code, state transition diagrams, transform specifications,
screen layouts, and requirements traceability ma.rix. Terms
are defined.

IEEE Std 102P-1988,
Standards for Software Reviews and Audits

This standard provides guidelines for conducting project
management, technical, and software reviews, inspections
and audits. Reviews and inspections evaluate the software
development plan, design documents, and source code to
detect errors, inconsistencies, and incompleteness. Aud,,s
determine compliance w:,h suggested changes.
Responsibilities of the review and audit team members and
the processes that they should follow are delineated.

IEEE Std 1042-1987,
Guide to Software Configuration Management

This ninety page standard suggests the management
structure, processes, and tools for controllng the design,
implementation, testing. and maintenance of software
products. A contiguration plan must first be established. Its
complexity wil be determined by the nature and extent of
the proposed software. Large projects requ;-e a highly
struc.ured approach, while configuration management for
small or pro.,f of concept projects may be primarily ink. mal.
Appendices provided sample configuration management
plans for these two t!yes of projects.
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IEEE Std 1044-1993,
Standard for Classification of Software Anomalies

This standard applies to the detection, investigation,
correction, and administrative activities associated with
errors or inconsistencies in spec;fications, design
documents, source code, software performance or other
aspects of a software program. Anomalies can be
prioritized within the following categories of potential
adverse effects: severity, customer value, mission safety,
project schedule, project cost, project risk, quality and
reliability. and societal. An example for an anomaly
reporting data base system is presented in the appendix.

IEEE Std 1045-1992,
Standard for Software Productivity Metrics (ANSI)

Tnis standard defines measures of productivity and
consistent ways to describe or categorize software projects.
Productivity is the ratio of output to input. Output often is
comprised of lines of code or text Input typical has units of
person-hours. The standard provides guidelines for how to
count lines of code or documentation. Input and output may
Its classified as deliverable, nonde!iv,-rable, or supporting.
Software projects may be characterized according to the
qualifications and experience of the development team
members, complexity, criticality, innovativeness, design and
developmental cor,-urrency, and extent of user
participation. These characteristics can facilitate the
objective comparison of different software projects.

IEEE Std 1058.1-1987 (Reaff 1993),
Standard for Software Project Management Plans (ANSI)

This standard identifies the organization and contents for a
project management plan. The followng should be
provided: an introduction, project overview de!*verables.
project management structure, responsibilities, process
model with milestones, methods, too!s and techniques,
software documentation. schedule. budget, references, and
definitions.

IEEE Std 1059-1993
Guide for Software Verification and Validation Plans (ANSI)

This standard provides recommendations for the structure
and conteits of a software verification and validation pan
(SVVP). Tne intent of a SV /P is to provide the guidelines
for a quality assurance process that detects actual or
potent;al software errors. ensures that the performance
specificatons are achieved and that the product is safe
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when used for critical applications. The SVVP also defines
the management structure, allocation of roles and
responsibilitiL s, and resources required for V&V. It also
indicates how software changes will retroactively impact on
the V&V effort. The components of a sample SVVP are
provided in the appendices.

IEEE Std 1061-1992
Standard for a Softare Quality Metrics Methodology (ANSi)

This standard provides a methodology and discusses
issues to consider when developing measurement
instruments for software quality. The relevant quality related
factors and subfactors are determined and prioritized. They'
are implemented and results analyzed. That the quality
metrics actually measure what they purport to measure and
are effective in improving software quality must be validated
to ensure their relevance and effective use.

IEEE Std 10621993
Recommended Practice for Software Acquisition (ANSI)

This standard first reviews the phases (planning.
contracting, product implementation, product acceptance.
and fol!ow-c-) and milestones in the software acquisition
cycle. A nine-step flexible algorithm is then presented for
acquiring quality software. An organizational strategy is
suggested fcr controlling the software acquisition process.
Specific activities include assigning roles and
responsibilities, delineating software requirements.
surveying suppliers and availaoir products, soliciting RFPs,
an; negotia:Ing contracts. The se.ected supplier is
subsequently monitorsd for procuc! quality and adherence
to specifications. A software acceptance plan is
imnlemented and usar satisfaction evaluated. Various
checklists are provided in the append'cas for use in the
different phases of the so ftware acquisition process.

- IEEE Std 1063-1987 (Reaff 1993)
Standard for Software U.'er Documentation (ANSI)

This standard recommends a format and genera' content
for user manuals. It requires analysis of the type of
software and its interface properties and functionaities. The
relevant characteristics of the main document user groups
must be explicitly identified and utilized in designing the
documents. The usage mode (instructional versus
informational) also has considerable impact on content,
format, and oroanization. A list of thecomponens for a
user manual is a!so provded.
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IEEE Std 1074-1991
Standard for Developing Software Life Cycle Processes (ANSI)

This standard provides guidance for a comprehensive
software development process. A software life-cycle model
(SLCM) is selected that is appropriate and efficient for the
particular software to be developed. A hierarchy of
necessary activities are defined for various process
categories (e.g., project management, development,
verification ard validation, operations and support,
documentation, installation, training, maintenance,
retirement, and configuirat.on management). Requisite
inputs, siandards, taskings and resources, outputs, and
performance metrics are assigned to each activity. The
selected SLCM seves as the framework for organizing,
coordinating, tracking, an2 controing all these activities.

IEEE Std 1219-1992
Standard for Software Maintenance (ANSI)

This standard provides a logica' struclure for post-
development soft::are changes. Problems or upgrade
suggestions are identified, cassified. and prioritized.
Modiff:ation requests (MR) are submitted and organ-zed
into groups of related MRs. The MRs are analyzed with
respect to feas:bility and risk, implementation strategies,
and testing. Each of the major steps for software
maintenance is described in terms 0f inputs, processes,
controls, and outputs.

IEEE Std 1228-19e4
Standard for Software Safety Plans

This standard orovides process, ccnrol. and
documentation reco..mendafons for assuring that software
does not pose a safety risk. The safety issue mu.-t be

~integrated into he softare developmen' effort from its

iception. Sale:y requirements must be Jefined in the
context of the entire system and operational
environment(s). Safety critical equations, algorithms, data
constraints, functionalities, and timing must be identified.
The software is designed and imp:emented to satisfy the
safety requirements. These are documented, as are the
test results.
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APPENDIX F: FLDMED DATA STRUCTURES

Data definitions and function declarations
to support the heat strain module

enum phases _enum

rest=O.
work=1.
recovery=2.

task _list=2,
,.erdefined=31;

enum forms-enum {allinput -form,
clot."ngiorrn.,
erwiron-jorm.
pers-form,
activityjorm,
marchingjforni,
data_set-form,
nutition-form,
th reshholdsjfor.-Ail:

enum graphjyrpe _enum tre.gahh..rpseaatrphoswa graph.
ca-z ually b~r chart.rAFjt-y43ihart,misc);

enurn optior...choceenum ( cne...grapit~per..scr=1,
four...graphs..per Scr=2,
exit-opliorns=3 )

struct nutiiion--struct

* in? num-mres;
* float sodium ma:

float food h2o:
float cals;
float vwg: gins:

struct nutritiontbuff-struc!

char rwm~..a.res[3' :
char sod:.ur-n.m171;
char foor,'h2o[71:
char cals[7]:
char wgt grns[7];
1:
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struct input~struct

int num-roops;
float hgt;
float wgt;
float days..accl;
enurn activity...enum activity, type:
int act-ity listnm
float met-rate;
float march-mph;,
float grade;
float load;
float miles;
float totworkrnins;
float tot.allowed_ mins:

* float work-mins;
float rest-mins;
float qts..yvater-per hr:
float temp;
int solar;
fioat tre-..init;

* float avgskintemp;
float tr_max_alowed:
float hrinmu:
float ins'tdehydration: /* percent *1
float rlh:
float wind mph:
float ,ercent-rmax solar-load:

* float errain_coef:
* mt clothing-choic-:

foat clojtc;.
float cla-coef itv,.c;
float evap-.perr.-imc:
float evapperrn-coe* i.rvc.-
float output -inteva! mins:
float init_rest-dur:
float last_rec_diur:

* '' float altitude;
fioat mg..pyrido-q6hrs; ~
struct nutrition struct nutrition:

struct inputnuff sv:uct

char numn troops! 01:
cher hg!17J:
char wgl[P);
char days__*cc;-7]:
char activityvI 41:
char met rate[71;

/char mng-Dyridoq6hrs!7;;
char maxch moh[-5];
char gradeib]:
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char miles[7];
char IoadI7l;
char tot- work -mins[7];
char tot~allowied~mins!7J;
char wor'K-minsl7l;
char rest-minsj7]:
char qts. .water, per -hrf 5]:
char temp[7;
char solarfi 51;
char tre-max -allowed[71:
char trejnh[7];
char avg..skinjtenp[7]:
char hr-int[7;
char inftdehydrato, .!5];
char rh[7];
char wind-mph[7];
char percent.max -solarjload7J:
char terrain-coeff5]:
char clothing 1351:
char clo ftcm:]-

* char dlo_coef_;tvc[7]:
* char evap. perm-imc[7]j;

char ev.ap--perm-coef-imvcl7l:
struct nutritionbuff -siruct nutritionbuff;

struct threshhod.cstruct

fla{te
float dtre;

float hr;
float dehydration;
char tre-bufi[7)-:
char del-tre-buff(S1;
char hr buff7l;
char dehydration buff'51

I;

int menu_flum-

float dlo itc;
float lo..coef-itvc:
fl[oat evappermrnmc:
float evapjerm_cef_invc:

struct actMly-..struct

int menu~num:
char namef351:
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stwuct phasedata-struct

enum phases_enum phase;
float phasedur;

struct optionsstruct

int batch;
int current run num;
int output file_ .anis:
int numrphs.per-scr-
enum graphj-ypeenumn graphjpe:

struct outpuLstruct

int num4)oints;
enum phases_enum phase[1300]-
float t[3001;
flioat tre[3001;
float tre_max;
float tre-max at~hr
float hr[300]-.
float hr -max;
float hr...max _at_h-
float svveatrate!300];
float sweatrate -maxq
'float sweatratet_mnax(at hr

£ float cumulatie-sweatj300):
float netIts_wzaterjlossi300I];
float percent- dehydrated:
float sw.-eat Na -mg;
float percent hea,:*casuaties:
floa! numn heat casualties:
float qts,_v.-ater .drank;
float rnintot-drinking...water required:
float tot hrs required;
float max...work --ins:
float max-rec-mins:
float nuim-cycles:
float environ c U ~gow

struct io data__struct

struct input-struct inpulfAI;
struct inpulLuff .structiptbffj
struct threshhold struct threshtold;
struct oplionsstruct options:
int ca!culated[41; J- O=not strice last entry. 1=UD to date
Struct outpu-struct Output,41;
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Data definitions for the altitude module

4ircflude <vid.h>
;9define lgtb!ue FGIIFGB
Odefine lgi .green FG -JIFG.jG
#define yellov. FGIIFGRIFGG
4define Igt-red FG_-IIFGR
tdefine red FGR

* #de-fine white FGIIFGR!FG-G!FG 8
* .'efine magenta EGRIFGB

* #4define yes 1
4define no 0

!define MAXEVENTS 10
ftdefine MAX OUTPUT. ELEMENTS 30
"define NUM SE TS 4
"de: ine NUM GRAPHS 4 rTotP, P102. Pa02, O2Sat see Alt..graf.c *i

stnict even! strJxt

int type-.irndex:
int dayl;
int da=y2;
int altit;
m,-t e-"2;
char typebufff9];
char dayl buff[5]:.
char day2buff[51];
char altlbufff71:
char ah~sbuff;

struct input proffile struct
I
struct event-struct eventiMAX EVENTS]:
int numfievents:
int current-event

sMVc input-.parneter struct

float hgb;
float hct:
float pH:
float HC03:
if oat Ire;
float respjratio:
float F102;
float PAC02:

02
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float Aa -diffusion..grad;
char hgb-buff (71;
char hct..buff[7];
char pH..-buff (7];
char H003.buff [7];
char tre-buff [7];
char resp-atio.buff[71;
char F102_ buff[7];
char PAC02..buff [71;
char Aaaiffusion-grad buff[7];
int calculated;

enL-n outputjype-enum

Pmbar=l,
PmmHg=2

struct irput-struct

struct input-profile-struct profile;
struct in p utpara mete r-struct pararneters[4];
1;

struct output-struct

char *diffmsg; /* one liner wrt which inputs are different across sets*/
enum output-type-.enum ouiputjtype;
mnt num_ vals;
float xyval[N UM-SETS]MAXOu rPUT- ELEMENTS]:
float y- valjN UMGRAPHS]INUM-SETSIEMAX-OUTPUTELEMENTS];
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Data definitions for the cold digit module

struct inputcstruct

float lengthcm;
float zj-ncr. mm;
float diacm;
float Tdb-0;
float T threshC;
float time imit_hrs;
float time-stop..hrs;
float minsjincir;
float T _basejiniLOC;
float T baseifinalOC;
float r_base_time__const_hrs;
float Tjtip-init-C;
float met-rate-init; /* Watts/mA3 ~
float met -rate -final; /* Watls/mA31
float met-rate-time-const-hrs;
int num_..eigvals;
float h-circ; f* heat transfer coef at cylinder circumferential surface

Watts/(mA'2'C)/
float hjip;
float k; /* avg thermal conductivity of digit tissue W/(m*C) ~
float LL;
float area,-
float Bi; /* Biot modulus *

float tau:
float rho:
float d;

steuct inputhuffstruct

char length~cm[5];,
char z-incr -mm[5];
char circ-cm[5];
char dia-cmr5];
char Tdb-C[6];
char T-jhresh- C15];
char time -init-hrs[6);
char time stop--hrs[6];
char mins -incr[51;
charrT base init-C5I,
char T-base-final C[5];
char T-base -timne-const.h rs[5);
char T--ip-jnit-C[5);
char met-rate_ nit[8]; /' Watts/MA3 ~
char met -rate- finalt8]; /* Watts/MA3 *
char met-rate time const-hrs5];
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int num-eigvals[3];
char h-circ[5]: /* heat transfer coef at cylinder circumferential surface

Watts', nA2*C) *
char h-ip[51;
char k[6]; P avg thermal conducivity rif digit tissuei Wllm*r) *

struct options-struct

int batch;
mnt current run num;
int outputjile.units:
int num-graphs-per-scr:,
enum graph-ype..enum graph jype;

struct io-data-struct

struct input-struct input[4];
struct inputbuff-struct inputbuff[4];
struct options~struct options;
int calculated[41; /* O=not since last entry, 1 =up to date 'I

tstruct output struct outpu[41; '
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Default Input Values

I. Altitude Module:

Hemoglobin (gms/100cc): 14.5
Hematocrit (%): 45.0
Blood pH: 7.4
HC03: 24.0
Blood temp (F): 98.8
Respiratory ratio: 0.8
F102 (%): 21.0
PACO2:40.0
Aa diffusion gradient (mmHg): 5.0

Default ascent profile:
Event Alt (ft) Alt2LfU from Dayl to 2
Ascend 0 10,000 1 5
Remain 10,000 10,000 5 15
Descend 10,000 0 15 20

II. Heat Stress Module:

Number of troops: 100
Average height (inches): 70.0
Average weight (Ibs): 160.0
Days acclimatized: 0.0
Initial core temp (F): 98.9
Average skin temperature (F): 96.8
Initial delydration (%): 1.24
Clothing: BDU

Total insulation (clo): 1.25
Co air velocity correction coefficient: -0.20
Evaporative permeability: 0.38
Evap perm air vel correction coefficient: 0.38

Dry bulb temp (F): 95.0
Relative humidity (%): 20.0
Wind speed (mph): 2.0
Solar exposure during work: Full sun
Solar exposure during rest: Shade
Metabolic rate (watts): 247.0
Activity description: Light
If 'Marching' is the selected activity, met rate is caiculat3d using the following

defaults:
Rate of march (mph): 3.0
Distance (miles): 12.0
Grade (%):, 2.0

96

A i, A ,.O( A CC L



Load (Ibs): 20.0
Total amount of work required (mins): 240.0
Max allowed time to complete the work (mins): 500.0
Work-rest cycle Work (mins): 50.0

Rest (mins): 10.0
Drinking water (qts/hr): 0.0
Meals per day: 3
Sodium per meal (mg): 1822.0
Water content per meal (cc): 221.0
Calories per meal: 1343
Weight per meal (gins): 463.0
Thresholds:

Core temperaturp I OF): 102.0
Rate of change c -ore temp ('F/5 mins): 0.5
Heart rate (beats per min): 180
Dshydration (% of body wgt): 3.0

Ill. Cold Digit Module:

Digit length (cm): 8.0;
Axial calculation increment (mm): 2.0
Digit circumference (cm): 2.0
Ambient temperature (C): -5.0
Theshold digit temperature (0): 5.0
Initial time (hrs): 0.0
Final time (hrs): 5.0
Time increment (mins): 15.0
Initial digit base temperature (C): 30.0
Final digit base temperature (C): 20.0
Base temperature time constant (hrs): 1.3
Initial digit tip temperature (C): 20.0
Initial digit tissue metabolic rate (W/mA3): 15,000.0
Final digit tissue metabolic rate (W/mA3): 5,000.0
Metabolic rate time constant (hrs): 1.3
Number of eigenvalues to use in the calculations: 15
Heat transfer coefficient for the circumference surface (WImA2/hr): 7.12
Heat transfer coefficent for the digit tip (W/mA2/hr): 7.12
Thermal conductivity (W/m/C): 0.418
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APPENDIX G: FLDMED FUNC TION TREE DIAGRAM

alit.c te

al t. h tre . hod~

ait inllt.c rintc cold;ni~

Ialt -calc.c linef rm. c clot
a! aigraf .c oet_input.c difc
Ialt--info.c tre-hr.c
events.c trefunc.c
_eventsort.-c tregraf.c

tre-'frms.c
tre-out.c

Ogset~c

prtscc
tables. c

Figure El: Tree diagram of FLOMED funettions.
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FUNCTIONS IN THE FLDMED SOURCE FILES

FLDMED.C
maino
-- the FLDMED's main function that loads first and initiajtes the program. It generates a top bar

menu that allows the user to go to the altitude, cold exposure, or heat strain modules.

ALT.C itat

- the top-level altitude procedure. It manages most of the menus and routes requesis 11Iulil
numerical processing and lfie handling in o thnrrfinnta ft inttinnc

ALTCALC.C
int cab _oQutput(struct input-struct *p, struct outputstwuct *output)

-calculates the barometric, alveolar, and arterial 02 partial pressures and saturation.

ALTFRMS.C
void alt-input -byjline(struct inpuLsiruct *alt~input, int input-line)

-accepts the information associated with stages in the ascent-descent profile.

ALTGRAF.C
int graph...output(struct output-struct *output)

-produces presentation quality graphs of barometric, 02,and arterlofar 02 pressures and
arteriolar 02 saturation.

ALTINFO.C
int show....altj- nfo(int topic)

-- displays the selected med info topic text screens.

ALTTBL.C
void init -altj- nput(struct input.-struct *input)
- initializes the altitude profile ani physiologic parameters.

void write-current...aftjinput(struct inputparameter _struct *input,int column)
- writes the physiologic inputs to the screen in column format.

BLANK.C
void blankjinputbuff(struCt iriputbuff_struct *inputbufff)
- blanks the input data leavinn the background screen.

CHKFILES.C
int checkfileso
-- checks to determine that 01! necessary flies are in the current directory. if not, alerts the user

by listing the missing files on the screen and also writes that list to a text tile for print outs.

EVENTS.C
mnt get-aft -profile(struct input-profile-struct 'p)
-- generates a pop-up data input windov for constructing I custom ascent-descent profile.
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int draw...profile(struct input..profile...struct *profilie)
-updates the current ascent-descent profile after a new profile segment is entered.

EVENTSORT.O
in! sort -events(struct input...profile-struct *p)

-sorts the ascent-decent pfolfde segments (events) to avoid altitude or time discontinuities.

int compare...even-daies( tut~4f~ 5 vj ikS~l1~Vs, %~%

*event2)
-supports the sort~vents(...) Wm on..

GETINPT.G
int inputdataio(struct io data struct *io...data)

-generates the heat strain module's input menus.

int importinputs(struct io...data-struct *io.data)
- imports a preconstructed set of inputs for the heat strain module.

int saveinputs~struct io-data -struct *io -dat)
-- savc-s the current inputs to a text input data file.

int getinitfile(struct jo-data-struct 'io-data)
-imports the initialization input data file.

int savetoinitfile(struct io-data -struct *io-.data)
on xitng thehea stainmodule saves the current input data as the new initialization tile.

LINEFRM.C
input-byjine(struct 10_data-struct *iodata. int input-ine)
-- allows inputs by line in the heat stress input data grid.

LIST.C
int list -output(struct output..struct *output)
-- writes the heat strain output summary table into the screen output grid cells.

PGSETS.C
void writeinputson.chatdcL, ten v e, v, struct lo-data-struct *1V dataLC

enum graph-jype-.enum graph-ype)
-- displays the heat Strain initrintz z ~c ontm a initinrancz rd theon,it nmnahs.

PRINT.C
in! data-to..printer(struct io...data-struct *io...data)
-- sends summary or detailed ou'put data listings to the local printer.

PRT_-SCR.C
int print-screen()
-- sends the selected graphics mode chart tD the Drinter.
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TABLES.C
int show-heatstressjinfo(int topic)

-manages the display of the heat strain modules med info text files.

TREC
int treo

-the main function and top level popup menu manager for the heat stress module.

TREFUNC.C
float sweat -rate -func(float e-req, float e...max)

-returns the sweat rate based on differences between the evaporative heat loss required to

maintain normal temperature and the maximum evaporative heat capacty of the- ambient air.

float t refjfunc(float met,float w...ext,float e eq,float e max,fioat h rt)
-returns the predicted steady state core temperature.

float tre-delayjfunc(enum phases -enum phase,float met-rate, float CPeff)
- returns the lag time for effects of changes in metabolic rate when switching from resting to

working..

int find -max(float *array, int num...points)
-a utility function tha! finds maximum value in output data sets.

float CasuaiiprobjU-il IckIalacti I -r ax, I IUat Itcu sitjii ut lOI

float tre -mean -casualty,float tre...std casualty)
- returns the percent or likelihood of hea! stress casualties based on the cluae aiu

core temperature.

float hr index(float met~float e eq:float e...max,float temp-db,
float t...avg__5.kin,f loat bsa,f loat cdo)

-- returns an intermediate index value for subsequent calculations of heart rate.

float h r-eq uilib (float Lhr)
-- returns the predicted steady state heart rate

float del-hr acci~func(float hr f, float hro, float e....ax)
-- steady state heart rate adjustment1 for theat acclimnatizatiocn.

float bsa_func(float hgt..cm, float kg)
-- re*,urns body surface area (bsa) based on th DuBois formula.
float met -rate(float wgt,float load,float grade,float terrain..coef, float ye!_wyalk)
-- returns the predicted metabolic rate for marching.

float external -work(float wgt,float load,float vel-walk,float grade)
-- returns the energy dssipated as external work when marching.
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float eff -air~vel~unc(float nominal-air-yel, float met-rate)
- returns the effective wind velocity which includes ambient wind plus the relative wind

associated with the activities at the given metabolic rate.

float clo-func(float itc, float ftvc, float eff-air vel)
-returns clothing insutation (clo) value corrected for wind and motion effects.

float evap-impedance func(f loaf imc, float imc, float effai vell
-returns clothing moisture impedance value corrected fore -wind and motion effects.

float rad cony_heat(float temp..db~f loaf temp-sk,float clojf loaf bsa)
-returns amount ot radiant and convective heat transfer from skin and through the clothing.

float e-max-junc(float evapjimpedance,lloat bsa~float vp...sk, float vp...air,float
rel hum)

-returns maximum possible heat loss via sweat evaporation.

float e-rqfn~la merevent heat~ia gain.

float solar func(tloat eff _air vel, float itc, flloat ibic,:.&:d )
-reurns amnount of heat gained from so!ar sources.

float elffenv--cool-power(fl oat emax,float ereq)
-returns the effective cooling power of the arnb~ent conditions.

float vp.....a sat( float temp..db)
-returns the predicted saturated vapor pressure of the ambient air.

float max--work-time(float t-delay, float k, float tre-init, float tref,
float tre -max~allowed)

-returns predicted maximum work time based on a specified core temperature limit.

TREGRAF.C
void graph...data(struct fojiata-struct 'iociata)

-graphs lhe outputs for each input data set separately.

void graph-all(struct io -data -struct *io....data)
-graph the outputs for 0l foUr input daia sets as. in, r outpuit zeriepe r nrAph.

TREFRMS.C
int get win forms(WINDOWPTR wn-ptr, enum forms -enumn form,

struct input_struct *input. struct inputbuti-struct *inputbuff)
-generates input data entry forms for !he heat sress rnodue.
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TREHR.C
int trehr(struct io..data-struct *ic~data)
- the core numerical function for the heat stress unit. Calculates core temperature, heart rate,

sweating rate, cummulative sweat and fluid losses, and casualty predictions. Loads the 110
data structure with the simulated time and correspo)nding results.

TREINIT.C
init input(struct input struct Input, Struct inputbuff-strdct Inputbu1)
- initializes the default heat strain module input data structures if an initialization data file cannot

be found or if the user requests defaul values from ffhe input menu.

copy-inputbuff(struct inputbuff~struct *Inputbuff, int *current-data..set)
-copies heat stress input data sets. This functio; a is not currently utilized.

TREOUT.C
write_currentjinput(struct inputbuff struct *inputbuff mnt column)

v- rites the current heat stress inputs onto the screen input data grid.

wrte_outputjtable(struct io...data_struct *io_data)
writes the heat stress oulput summary data to the output screen out data grid.

TREOUT2.C
int data-to file(struct io-datastruct *io..data, char *output-path)
-- writes the heat sorain output data strictures to a text fle.

COLD.C
mnt cold digit()

the main cold dinit function that gnrares the nrvi i intarfn-p.

COLDINIT.C
initjinput(struct input struct Input. struct inputbuff struct Inputbuff)
initializes the data structures for the cold digit module.

* COLDOUT.C
write cu rrentjinput(struct inputbuff.-struct *inputbuffint column)

-display the current inputs on the screen.

CLD_(NFO.C
int show-cold-info(int topic)
- displays selected topic from mil ,ary cold riedc'ine handbLook.
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APPENDIX H

FIDMED C SOURCE CODE

* ~~source file: FLDMED.C .......

#include <windows.h>
#finclude <vid.h>
#include .cprocess.h>

I" include 'fldmed.h"/
-T rinclude wkeyh" -1~

int treo;
int alto;

char bak...grndc.screen94A00]:

main()

char *lMdbuff-pfr;
char *outoutvidbuf-ptr:

static WIN DOWPTR event-wn. in.'ut_ wn;
static WIFORM eventjfrm. saveirm;

Pstatic 1/ struct pment. mair\.rnscni =

0,
FALSE,
0.
0,
3.
f 0.4, "ALTITUDE-. 1.

0,16, -COLD-. 2.
0,24. -HEAT .3.

0,32, -EXiT'. 4,
99,99,-.99

enum main menu. enUrn aftitude =.
cold =2.
heat =3.
quit =4' main menu choice;

v -cs(BLACK1%<41WHITE):
v~border(BLACK):
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wn-infto;
wn-cimode(FLASH);

I- system('print*); Pload the DOS print diver ,
1- system(' * ); "! I~need a return to the DOS response "i

if(checkfifeso==O) exit(O): r/A! least one of the scr files is missing

Vi'dReadVindow(bakLamdscren,army.scr");
VidPutWindow(bak~grncLscreen.O.O.24.79.0,O):
getcho;

do

VicdReadincow(bk-g....screen,'arrnyscr ');
VidPutindow(bak .msre.,02A .7..):

main-menu-hoice=winpopupO.O.18. 4 l .1 .(BLACKIYELLOW)<<4fGREENBOLD),
BLACK<4l-BLACK.&mai-n..menu.TRUEi:'

svitch(main men,..chO,;.ce)

case altitude:

break;
case cold:

co!d-dglO:
break;

case heat:

break;
case quit:

break:

) while(mainjrwenu..chce 1 !

.._cts(BLACK-.41 WHITE);
vlocate(0.0.0);
prirntf......... ........ ..........
printf(CUSARIEWM Environnmental fe-icirne for!-ie Fieldd eical Officer in'ril:
prinlf(' V: MJR 10,'93 )h :
printi( .. **** ...* ...................... .n

(end ma-.n module*,'
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ALTITUDE Module: Source Code

~~ source file: ALT.C

lyinclule <ewin6ws.Ii>
4-clude a'lh"
P*. 4include 'key.h"**

extern char bak .cmd .screen[I4000):

int afto

char *vidbuffjflr- P* used with VidSave & Restore Block functions .
char *oupt.vicuff.pir.

WINDOWPTR event- . input-yin:
W'.FORM event frr. save frm:n-

int data .ro.m. data-set chio~ceji. Ionic.
static struct input struct inoutdala:
enum output type enurn outpu.**jvpe:

swa'c s'rtct outpulsrt up v3;

struct prr-nu topbar menu=-

FASE
0.

0.

5,
(0.1. -INPUT-. 1.
0.9. -OUTPUT-. 2.
G,,1.-OPTiOfS-. 3.
O.30.10ED INFO'. 4.
0.41 .HELP'. 5.
0.47.*EXIT', 6

enurn topbarnm-eni.eum. input =1.
output =2.
runnplirns =3,

he!p =5.
ex:4Joor'r =6 I top-e. r!
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struct pmenu input-menu=

0,
FALSE,
0,
0,
5,
{1,4, 'Profile", 1,
2,2, "New Profile', 2,
3A3 'Variables", 3,
4,4 "Default', 4,
5,5, "Save', 5,
6,1, 'Read from File', 6.

enum input menu enurn _ iwprofile =1,
createjew.profile =2,
input-parameters =3,
default-ijnput =4,
save-input =5.
readL file input =6 1input..menu-.choice;

struct pmenu mred-info-menu=

0,
FALSE,
0,
1,1
4,

0,3,"ALTITUDE HANDBOOK', 0,
2,6, "Physiology", 1 ,
3,3,"Mecdical Conditions*, 2,
4,2,"Qperational Guidance", 3,
5,6,'"References", 4,

99,99,--,99

struct pmenu data_rowv'-men"u=

0,
FALSE,
0,
0,
8,

0,0, ",0,

2,0, '> , 2,
30,'> 3,
40, - " 4,
5,0, -,5,

6,0, -> 6,
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99,99,tM,99

struct pmenu data_set_menu=

0,
FALSE,
0,
0,
3,
(0,3, "SET# 1, 300,
O,15,"SET# 2', 301,

,28,"SET# 3". 302,
0,40,"SET# 4,. 303,
99,99,M"U99

enum output -choice-enum fview=320,
print=321,
save=322

Ioutput -choice-,

enum output -type -choce-enum ( data=0,
graph-all-sets~1,
graph-one-set=2,

int input- pos[]=29,41,54,66); otu-tp~hie

VidIeadWindow(bak grnd-scree,,grid.a't");
VidPutWindow(bakgrnd-screen,,0,24,79,0,0);

if(gelinitaltffile(&inputdata) ==99) in~taltinput(&inputdata);
draw-prof ile(&inputdata.profilie);

do

topbar _menu. choice=wn-popup(0,0,13.55,1 ,WHITE«<4BLUE,
BLACK<<41BLACK, &topbarme nu,TR U E);

switch(topbar-menu--choice)

case inpul:
input-menu-choice=wn-popup(02, 12,1 6,7,WHITE<<4IBLUE,

BLACK<.<4RED,&input-menu,TRUE);,
switch (input menu-choice)
1
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case view-..profile:
get.-alt prof ile(&inputdata.prof ile);
break;

case create-new-roile:
VidPutWindow(bak~grnd._screen,0,0,24,79,,O):
init -nput-prof ile(&inputdata.profilie);
break;

case input-parameters:
VidPusho;
VidReadWindow(bak..grnd-screen,"altinput.sc');
VidPutWindow(bak-gmc-screen,0,0,1 6,79,0,0);
VidPutWindow(bak-gmd-screen,1 7,0,24,2,17,0);
for(i=0: k=3;i++)

write_cpurrent~aILinput(&inp -b 'ata.parametersi,input.pos[i]+2);
VidReadWindow(bak-gmd...sceen,'scraps.scrm);
VidPutWindow(bal gmd-..screen,22,5,22,72,0,5);
do

data_rovw=wn..popup(1 0O0,3,28,2,9,BLACK<.<4lRED,
BLACK<<4IRED,&data-row-menu,TRUE);

alt -inpu-byjline( &inputdata, data-ow);
for(i=O;i<=3;i++)

inputdata.parametersfi.caculated=lo;
write_current._alt__input(&inputdata.parameters[i],iflput- pos[i]+2);
I/**end for**/

Iwhiie(datajrow !=99);
VidReadWindow(bak-grnd-wsreen,"grid.at");
VidPop(1);
break;

case defaultinput:
init-alt-input(&inputdata);,
break;

case save-input:
break;

case read-jile-input:
break;

break;
case nunoptions:

break;
case output:

VidPusho;
outputdata.outputjype=Pn'mHg;
calc...otPut(&inputdata,&outputdata);
graph -output(&outp utdata);
VidPop(1);
break;

case info:

do
topic=wn...popup(0, 1,28,24, 7,NHfTE<4BLUE,

BLACK.c<4RED,&medinfo-menuI,TRUE):
if (topic==99) break:
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showaltjnfo(topic);
j while(topic != 99); 1* loop until quit info menu ~
break;

case help:
break;

}/* end switch for topbar..menu..choice/
}while(topbar-menuschoice!=-exitjopbar);

savetoinitaltfile(&inputdata);
flushallO);
return 0;

/*1 end main altitude module *

Ssource file: ALT-CALC.C .......

#include "alt.h"
#include <math.h>
#finclude <conio.h>
#include <stdio.h>

#define deg...C(F) ( (5.0/9.0)*(F-32.0) ) P F to C conversion macro /1

#define TotP 0
#define P102 1
#define PaO2 2
#define O2Sat 3

mnt calc..output(struct input-struct *p, struct output-struct *output)
I{
mnt I, j, k, set, return-val;
float all, m, terml. u, PaO2 eft, PAO2..x:

return val=0;

1or(set.=O;sek<NUM._SE:TS.;se[,- 4~ P U~ESdf~~d~at

k=O;
switch(output->output-type)

case Pinmllg:
for(i=0:(i <.= p->profile.nurn.evenas) Q.S& IL/ NAAY nt ITDI IT 9=1 PAIKTQi.&.A

m=(p-> prof ile.eve nti].alt2-p->prof ile.event[i].alt 1 )/(p->prof ile.eventli].day2- p->profile.eventlijhdayl);
foroj=0;o( < (p->profile.event[i].day2-p->profile.evenhli].dayl))

&&k MAXOUTPUT .. LEMENTS):j+-r)
outpujt->x. vaijset!k]=(float)(p->prof i~e eventil~ cayl +j); 
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alt=p->profile.eventfij.altl +jm;
alt=aft*o.3048; P converting from feet to meters*/1
lermi =(44331 .51 4-alt)/1 1880.516;
output->y..val[TotLP][selfk]=0.75*pow(term1 .5.25588);

/* 0.75 converts from mbar to mmHg */
output->y..valfP1O2][setl[k]=(0.01 'p->parameters[set].FO2)*

(output->y..yal[Tot-Pfsetfkj-47.0);,

I P end foroj..-)*
P Pend for(i)/

output->num-yals=k;
break;

case Pmbar:
break;
J/** end switch"I

termi =(1 .0-(0.01 *p->parameters(set].FlO2*p->parameters[setI.resp-ratio))
/p->parameters[set]. resp..ratio;

forOj=0;j<output->num...vals;j++)

PAO2..x= output->y valjPIO2I[setlii - p->pararnetersf sell. PACO2'term 1;
output->y-v.aljPaO2~setjUI= PAO2_x - p->parameterslset].Aa diff-usongrad;

termi =0j 024*(37.0-deg-C(p->parameters[set.tre));
termi +=0.4*(p->parameters~set.pH-7.4);
termi +=0.0f3(logl 0(40.0)-logi 0(p- >pararneters[se!j. PACO2));
termi =pow(l 0.0,terml);
foroj=0;j < output->num-vals;++)

PaO2 eff =output->y.yal[PaO2][set]j]term1;
u=0.00925*PaO2_effi-0.0002S*pow(PaO2-eff ,2.0)-0~.0000306pow(PaO2_eff1.3.0);
if(output->y..yal[PaO2J~setj~j >= 10.0)

else
output->y..val[O2SaIT[set]~i>1 00.0*(0.003683*PaO2_eff-+0.000584pow(PaO2-ef.2.Q));
I ~end for ~

return return_va[;

P"1 end of function

..source file: ALTrDIFF.c ~ . ........

4include 'alt.h'
#include <stdio.h>
#include <stning.h>

char' inpuldifferences(struct inpul-struct 'input)

mnt i.set;
char msg[70];
char *inputstr19]={" Hb ,'Hct ~,pH ",HCO3- Core temp
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int dif[9); Resp ratio "," % F102 ", PAC02 "," Aa. daft grad")};

for(i=0;i<9;i++) diff[i]=0; /* initialize d-1:1iference indiator
0 = no difference
1 = difference

for(set=0;set<(N UMSETS-i );3et4-±)

if(inpurt->parameters[setj.hgb != input->parameters[set'-].hgb) diff[O]=1;
il(input->parameters[set].hct !=input->parametersfset+1].h'ct) diff1 j11;
if(input->parameters[set].pH != input->parameters[set+lI.pH) difff2]=1:
if(input->parametersjset].HCO3 != input->parametersjset+l J.HCO3) diff[31=1;
e,(input->paramete..srset].tre != input->parameters[set+1].tre) diff[4]=l;
ii(input->parametersjset].resp-ratio I= input->parameters[set+11.resp.-ralio) diffj5]=1;
if(input->parameters[set].F102 != input->pararnelersjset+1 1.F102) diff[6]=1;
if(input->parameterslsetl.PACO2 != input->parametersfset+1 ].PACO2) difff7]=1;
if(input->parqmeters[set].Aa-diffusion-grad !=

input->pararneterslset+1 1.Aa diffusion-.grad) diff[8]=1;

strcpy(msg,"N.B.: input differences wrt -->

for(i=0;i<9:i++)

if(diff[i] == 1) strcpy(msg,strcat(msg,inputstti]));

return &msg[0];
} P end function inputdifferences *

I*****t~t* surc fWe: ALTFRMS.C ...*****.......**

ffinclude <windows.h>
#finclude 'alt.h'

void alt-inpu-byjline(struct inputl struct 'all-nput, int inpul-jine)

WINDOWPTR wn-ptr;,
WIFORM frm pir;
int rO;

rO=3;
switch(input-jine)

case 0:
vwn..ptr--wn-open(1 000,rOi-input-line.30:45.1,FG_A.FG_B'i,

frm-ptr=wnjfrmoon(5):

wn..gfloat(SET,frrm..ptr,0.wn..ptr,0,1 ,NSTR,gtred.'.,
&alt-input->parameters[0I.hgb,5, 1,10.0,25.0,
aIltinput->parameters[0I.hgb buflf,NSTR.
"Hemog~obin: 0.0 - 25.0");
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wn..gfloat(SET,frm -.ptr, 1 ,wn-.ptr,, 3,NSTR,lgtred,'',
&altjnput->parameters[1 ].hgb,5,1 ,1 0.0,25.0,
altjnput->parameters1 ].hgb...buff,NSTR,
"Hemoglobin: 0.0 - 25.0");

wngfloat(SET,frmn_ ptr.2,wn..ptr,,26,NSTR,Igred,'',
&alt _input->parameters[21.hgb,5.1 .10.0,25.0,
alt-input->parameters[2].hgb-buff,NSTR,
"Hemoglobin: 0.0 - 25.0");

wn_gfloat(SET,frm...ptr,3,wnptr,0,38,NSTR,lgLred, ',
&all -input->parameters[3].hgb,5, 1,10.0,25.0,
alt~input->parameters[3].hgb buff,NSTR.
"Hemoglobin: 0.0 - 25.0");

wn -frmget(frm.pir);
wn-frmcls(frm...ptr);
wn...close(wn..ptr);
break;

case 1:
wn-ptr=wn....pen(1 000,r0.,input-.line,30.45, 1,FG--R. FG _B);
frm-ptr=wnjrmopn(5);

wn-gfloat(SET,frm ptr,0,wnDr 0 1 ,INSTR,lg-red,''.
&alt-input-;>parametersfo].hct,5,1 ,10.0,90.0,
alLinput->parameters[0].hctbuff,NSTR,
"Hematocrit: 0.0 - 90.0");

wn -gfloat(SET,frm..ptr,1 ,wn...ptr,0.1 3,NSTR,!gt-red.'",
&alt -input->parameters[1 ].hct,5, 1,10.0,90.0,
alt-input->parameters[1].hct. buff, NSTR,
"Hematocrit: 0.0 - 90.0');

wn-gfloat(SET,frrn.~ptr,2,wnptr,0.26,NSTRIgt-red,'',
&alt- input->parpmetersj2].hct,5.1 ,1 0.0,90.0,
alt-input->parameters[2].ht- -buff, NSTR,
OHematocril: 0.0 - 90.0');

wn-gfloat(SET,frrnpr,3wn ptr,0,38,NSTR,lgt. ed.'',
&aft- input->parameters(3].h-ct.5,1 ,10.0,90.0,
ait.-nput->parameters[3.hct,bufl.NSTR,
"Hemnatocrit: 0.0 - 90.0");

wn-frmget~frm -ptr);
wn-frmcls(frm-pfr);
wn-close(wn- ptr);
break;
case 2:
wn-ptr=wn open(1 000,rO+input- line,30,45,1 .FG..R,FG.B);
frm. .ptr=wn frmop.1(5);

wn giloat(SETjfrm p)tr,O,vin.-ptr.O,1,NSTR.lgt-red,',
&all ' input->parametes[0.pH,. 14.0.8.0.
alt input->paramneters-*0j.pH .butf,NSTR,
"blood pH: 4.0 - 8.0");

wn g1Ioat(SET,frrnptr,1 ,wn ptr,0,1 3,NSTR,lgtjred,'',
&alt input-> parameters(11I.pH,5,1.4.0.8.0.
alt -nput->parameters,[1 I.pH-buff,NSTR.
"blood pH: 4.0 - 8.0"):
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wn-gfioat(SET,frm-ptr,2.wn.-ptr,O,26,NSTR,lgt-red,'',
&at.j-nput->parameters[2].pH,5.1 .4.0,8.0,
altjnpu->parameters[2].pH._buff NSTR,
"blood pH: 4.0 - 8.0");

wn-gffoat(SET.frm- ptr,3,wn-ptr,0,38,NSTR,l-Lred,'',
&alt-input->parameters[3l.DH,5,1 ,4.O,8.0,
altjinput->parameters[3].pH-buff,NSTR,
"blood pH: 4.0 - 80)

wn -frmget(frm..ptr);
wn -frmcls(frm..ptr);
wn..close(wn..ptr):,
break;

case 3:
wn_ptr=wnj open' 1 000,rO+input line,30,45, I ,FR ,G
irrn tr=wn- frrnopn(5):

wn- gffoat(SET,fr~M.Dtr,0,wn-.ptr,0,1 ,NSTR,lg-red,
&alt " input->pararneterslOl.HCO3.5.1 .0.0,50.0,
aftj- nput->parameters[J.HCO3buff,NSTR.
"Blood bicarb: 0.0 - 50.0*);

wn-gfloat(SET,frm...ptr,l1,wn..ptr,0, 1 3,NSTR,lgt~j'ed,'',
&alt input->parametersfl.HCO3,5,1 ,0.0,50.0,
aftj- nput->parameters[1 I.HCO3..bulf,NSTPR,
"Blood bicarb: 0.0 - 50.0*);

wn _gfloat(SET,frrn-.ptr,2.wn...ptr,0,26,NSTR.lg!...red,'',
&alt input->paramneters[2].HC03,5.1 ,0.0,50.0,
alt -nput->parameters[2].HC3.buffNSTR,
.Blood bicarb: 0.0 - 50.0"):

wn_gfloat(SET.frm...ptr.3,wn...pr,0,38,NSTR,gred,',
&alt-input->parameters[3.HCO3,5,1,.0.0,50.0,
altjnput->parameters[3.HCO3.-buff,NSTR.
"Blood bicarb: 0.0 - 50.0');

wn_frmget(fmi..ptr):
wn -frmcls(irm--ptr);
wn-close~wn ptr);
break;

case 4:
wn-ptr~wn-open(100.rO nput'-l:ne,3r0.4, ,FGRF
f rm -ptr--wnjfrmopn(5);

w_gfloat(SET,frm-.ptr,0,wn ptr,0,1 ,NSTR,lgt-red.-,
&-altinput->parameters[0].tre.51 .90.0,1 10.0,
altjinput->parameters[J.tre.buf,NSTR.
"Blood temp(F): 90.0 - 1!10.0");

wn.gf.loat(SET,f rm._ptr,l1,wn..ptr,0,1 3,NSTR,lgIred,-,
&alt inpujt->parameters[1J.tre,5,1,90.0,1 10.0.
alt -nput,->parameters[1 ].tre buff .NSTR,
"Blood temp (F): 90.0 - 110.0"1);

wn...gloat(SEr,frm- pfr,2,wn4,tr,0,26,NSTR,lgt red. ,
&aft inpujt->parameters[21.tre,5. 1.90.0,110.0,
alt input->parameters[21.trebuff,NSTR,
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"Blood temp(f): 90.0 - 110.0"):
wn-gfloat(SET,frm...ptr,3,wn..ptr.0,38,NSTR,Igt..red,''.

&alt-input->parametersl3l.tre,5, 1.90.0,110.0,
alt--nput->parameter[3.tre...buff,NSTR.
ffBlood temp(f): 90.0 - 110.0"):

wn_frmget(frm..ptr);
wn -frmcls(frm-.ptr);
wn-close(wn-.ptr);
break;

case 5:
wn...ptr=,wn-open(1 000,rO+input-line,30.45 1,FG_R..FG..B);
frmjptr=wnjrmopn(5);

wn-gffoat(SET,frmptr,0,wnptr,0,1 ,NSTR,fgLb~ue,",
&alt input->parameters[O.resp-ratio,5, 1.0.0,2.0.
aft -nput->parameters[0j.resp-atiobuff,NSTR,
TC02/02 ratio: 0.0 - 2.0");

wn_gfloat(SETjfrm..ptr,1 ,wrL~ptr,0,13,NSTR,lgt..blue,'.
&alt -input->parameters[1 ].resp..ratiD,5., 0.0,2.0,
aitj-nput->pararnetersflJ.resp-atio...buff,NSTR.
C002102 ratio: 0.0 - 2.0");

wn_gfloat(SET~frm ptr,2.wn. ptr,0,26,NSTR,lglblue,-,
&alt-input->parameters[2.resp..ratio,5.1 .0.0.2.0,
alt -input->parametersf2].resp-atio.buf,NSTR,
TC02102 ratio: 0.0 - 20)

wn-gfloat(SETfrm...ptr,3,wnptr.0,38,NSTR.Itg-blue,',
&a1Ltinput->pararneters[3j.resp -ratio,5,1 .0.0,2.0,
alt-nput->parameters3].resp.-ratio buff,NSTR,

"C2/02 ratio: 0.0 - 2.0");

wn-frmget(frmpr)
wn frmcls(frm-.ptr);
wn-close(vn-.tr):
break;

case 6:
wn_ptr--wn..open(1 000,rO+input..ine,30,45,1 .FGR,FG-.B);
frm..pr~wnjfrmopn(5);

wn_gfloat(SET,frm ptr.0.wg ptr,0, 1 ,NSTR,Igt.bue,-,
&a!t-input->parameters[0].F102,5, 0.0,1 00.0.
aft -input->parameters[ol.FlO2-buff,NSTR
"'Inspilgt...red 02: 0.0 - 100%");

n_g'loat(SETfrm-.ptr,1 ,wn-.ptr,0,1 3,NSTR,lg-blue,".
&alt input-> parameters(! I.F102,5, 1,0.0,1 00.0,
alt-input->parameters1 1. P02.buff,NSTR,
"Inspilgt-.red 02: 0.0 - 100%");

wn-gfloat(SET,frm..ptr,2,wr.-.ptr,0,26,NSTR,gt..blue,'-'.
&aft inpiit->paramet~ersj2].F102,5, 1,0.0,100.0.
alt-,irput->parameterl2].F02..buff,NSTR,
"lnspilgt red 02: 0.0 - 1000W);

wn-..float(SET,frrn.ptr,3,wn..ptr,0,38.NSTR,lgt .blue'.,
&alt inPut->Darameters[3].F102.5.1 .0.0,100.0.
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altjinput->parameters[3]. F102...buff.NSTR,
Oinspilgt..red 02: 0.0 - 100%");

wn_frmnget(trm~ptr);
wn-f rmcls(f rm...ptr);
wn_close(wn.ptr);

break;
case 7:

vn*. ptr--wn..open(1000,rO+input jine,30,45,1 ,FG R,FG...);
frmptr=vri frmopn(5);

wn..gfioat(SET,frm...ptr,0,wn..pr01,SRltbu,'
&alt-input->parameters[0].PAC02,5,1 ,0.0,1 00.0,
alt nput->parameterslo].PACO2-buff,NSTR,
"insplgt_red 002: 0.0 - 100 mmHg');

wngfloat(SET,fmfLptr1 ,wn~jptr,0,1 3,NSTR,lgblue,,
&ahj- nput->parametersjl J.PACO2,5,1 .0.0,100.0,

altj- nput->parametersf 1 .PAC02...buff.NSTR,_Isiltred 02: 0.0 - 100% mmHg');

&alt- input->parameters[2].PACO2.5,1 .0.0,1 00.0.
alt-input->parameters[2].PAC2_.buff,NSTR,
"lnspilgt. .ed 02: 0.0 - 100% mmHg");

wn..gfloat(SET,frm..ptr,3,wn..ptr.0,38.NSTR,lgtb!ue,"
&altjinpu->parameters[3J.PAC02,5,1 ,0.0,1 00.0,
alt-nput->paramete.sf3].PAC02.buff,NSTR,
"lnspilgt-red 02: 0.0 - 100% mmHg');

wn -frget(frmnptr);
wn_frnmcls(lrm..ptr);
wn close(wn.ptr)

break:
case 8:

wrtotr--%n-open(1000,rO+inoutjine.3',45. I.F3,G.2;
frnptr--wn frrniopn(51):

wngfloat(SET,rm..ptr.0,wn..ptr,0,1 ,NSTR.Igt -blue,",
&alt input->parameters[I.Aa..diffusion..grad,5.,1 0.0.100.0,
alt-input->parameters[Oj.Aa -diffusion..grad .buff,NSTR.
"NI Aa diff grad: 0.0 - 10.0 mmnHg'")

wn..qfloat(SET,frmpt, bw i,,1.SR l ue,,
&altjinPLt->parameers1).Aa -diffusion- grad,5,1 .0.0,1 00.0,
alu-nput->paramretersil.a~1 fu~o _ fNSTR.
"NI Aa diff grad: 0.0 -10.0 mmHg )

wn-offoat(SET,frm-.ptr,2,wn..ptr,0,26,NSTR,lgtbluje,'',
&altjnpit->parameters[2.Aa..iffusion.gra-d,5, 1,0.0,100.0,
alt rnput->pararnetersE2j.Aa-d'ffusior...grad _buff.NSTR
'Ni Aa dill grad: 0.0 - 10.0 mmHg )

vwn-ofloat(SETfrm ptr,3,wn ptr,0,38.NSTR,lgt._b~ue,-
&altjinput->paramelers[3].Aa-diffusion-grad,5,1 .0.0,100.0,
alt input->pararrelers(3.Aadiffusion-arad-buff,NSTR,

'NI Aadill grad: 0.0-10.0 mml-lg j;
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wn_frmget(frmnptr);
wn-frmcls(frm...ptr);
wn-close(wn- ptr);

break;

rend switch( ... ) "I/
/*end inpulbyjline /

~~~ ~source file: ALTL _URA-.U--------

#include .cstdio.h>
#include <string.h>
#include <conio.h>
#finclude <graph.h>
#include <pgchart.h>

#define ToLP 0
#define P102 1
#define PaO2 2
Mdefine O2Sat 3

#define TRUE 1
#define FALSE 0

int graphioutput(struct outpuLstruct *auiput)

int return.-.al,i,j,n,setgraph.num
float max,min.ticjinterval;
chartenv env;
float xINUM-SETS][MAX-.OUTPUT -ELEMENTS].

y[NUM-SETS][MAX-CUTPUT-ELEM-IENTS];

char *IabelsD=I"Set~i1 ,RSe!t#2',"Se!#3".Se:#.41
int mode=_VRES16COLOR:
return-val=0O;

n=output->numyals;
for(set=0;set<N UMSETSset--)

!or(:=0; i<n && i<NIAX OUTPUT ELEMENTS:i++)

/* set highest video mode avai!able.1
while(! -setvideomode(mode)) mode--:

-pg-initcharto);
-pg...defaulIchiar(&ernv.PGSCTEC-ARPYINADN~
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for(graph-nurn=0;graPh-nun<4;graph.num+ )

switch(graph..num)

case Totl P:
for(set=0;set<NUM_SETS;set++)

for(i=0;i<n && i<MAX_-OUTPUTLELEMENTS;i+A)
yfsetJfil=output->yyaliTot..PIsetlil:

strcpy(env.maintitletitle,"Barometric Pressure');
strcpy(env.xaxis.axisihle.title,"Day #)
strcpy(env.yaxis.axistite.title"mrn Hg"/;

env.chartwindow.xl =8; P* pixels*/
envchartwindow.yl =8;
envcharwindow.x2=31 1;
env.charwindow.y2=231;

env.xaxis.autoscale=FALSE;
env.yaxis.au*toscale=FALSE;
env.datawindow.background=8;
envchartwindow.background=0;
env.chartv~.indow.bordercolor=0:,
env.xaxis.axislille.tillecolor=-5;
env.yaxis.axistitle.ttlecolor=5;
env.xaxis.axiscolor=-2;
env.yaxis.axiscolor=2;
env.xaxis.scalemin=1 .0;
env.xaxis.scalemax=x[Ojfn-1 1;
env.xaxis.sca!efactor=1 .0;
env.xaxis.t~cinterva=5.O;
env.xaxis.t~cformat= -PG-DECFORMAT:
env. xaxis~ticdecimals=0O:

env.yaxis.scafemn=300.O;
env.ya::is.sca!ernax=800.0;
env.yaxis.scalefacor=' .0;
env.yaxis.ticinterval=50.O:
env.yaxis.ticformat=-PG DECIFORMAT;
env.yaxis.ticdecimals=O:

env.yaxis.grid=TRUE:
env.xaxis.grid=TRUE:

envmainfitle.titlec-olor=-5; 5=red(
env. maintitle.justify=- PGCENTER:

env. subtitle.tittiecolor=-5;
env. subtIl'. e-jusli y=-PG_CENTER;
break;

case P102:
for(se*?-Ocset<NUMSETS;set++)

for(i=0;kn && i<MAXOUTPUT_-ELEMAENTS;i++)
yfsetltil=outpcit->y-vael[PlO2lfsetlf i]:

strcpy~enw. qA"nt-,Ie .*iI'e Arnhiant 02 Prczesino-s
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env.chartwindow.xI =317; * pixels*/
erw.chaftWindow.yl =8;
env.chartwindowv.x2=-631;
envchartwindowmy2=231;

env.yaxis.autoscale=TRUE;
P* env.yaxis.scalemfn=00.0:

env.yaxissca~ernax=1 50.0: ~
env..yaxis.ticinterval=1 0.0:
break;

case PaO2:
max=O.0;
min=1 00.0;
for(set=0;Set<NUM_SETS;set++)

for(t=0jkn && i<MAX..OUTPUTELEMENTS;i-+)

str-cpy(eriv.mainthille.tit'e,*ArteriaI 02 Pressure)
sfrcpy(env.yaxis.axisitle.it;,e,'mmHg~):

env.vyis.autoscale=FALSE:
env.yaxis.sr-alemin=min-5.0:
envyaxis.sca~emax=max+5.0
env.yayis.Iicinterval=5.0:

ernv.chartv.ind.x1 =8;
env.chartwir.dowv.yl =247;
env.charlwindvcw.x2=31 1:
envctiartwindow.y2=47 1;

break:
case O2Sat:

max=0.0:
min=1 00.0;

tor-(set=0;set<NU'.vMSESs.-.i

for(i=3;icr && i<MAX- OUTPUT ELEt-.ENTS:i++)

y(seti[il=ouput->y..alJ02Sa-tljsetlij;,

if(yfse~jfiJ'>max) rrax=yfse![i',:

strcpy(env.maintitle.title. Arterial 02 Saluraiori'):
strcpy(env.yaxis.axistille.tille.'%-O);
env.chatt.-windmv.xl -31 7; I" PIxe~s
env.chahnd3.Vy1=247.
onv.chartwindow.x2=631;



env.chartWzndow.y2=471;

env.yaxi-3.autoscae=FALSE;
envyxs.sca~einif=in-5.0.
ernv-ryxis.scaleriax--max+ 5.O:
e-nv.yaxisticirlteR'aI=5.0;
break:

J end switch

if% -pg-anayzescaterms(&en,&xjlj,.y-j, ~ u4ESR~XXPTEE~~S&1&
I

_outtext(CError analyzing char, dalp. ';
fflush(std;n);

_setvidleomceL DEFAULTMODE);
return 95:

is.( .pg...hartscarterrns( &env.&x [jOI401O]OJNUM_!SETS~nM4AX OUTPUTELEPAENTS,&labels))

_puttext('Error: cant draw c.art!"):
fflush(sldin);
getch{):

return va!=-99:.

I end ft;{graph-nuqn=O~graph nurr.<4;9aph nu!n+-+)

P pgjllabelcharl( &env. 5,5.&ojnput->,Jffrnsg. i~j: .-J5=yeiowi
~fflush(stcin):
getcho:

.etvideor-cddCLOEFAUL.T. ODE:;

return relxrn~yali:

1' enc graph~outpul

.......... SE.soue fie: ALTNNIF'A'

extern char bak-gind screen!O~l

in', shoa~ f(P oc

int i, key. scan. index _nur.~ start-index-nunm. sZopjincex nurn:
?~FILE 'scr-enfiles; *-

/ lpd~x ,' Topt-
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"p2.alt', P' 1
'p3.alt", P* 2 Va
a1p4.alt", P 3
."p5.alt", P 4
H m1 .alta, P* 5 Medical Conditiorns Va
'am.alt', /'a 6
'am3alta p 7 '

"m4.alt" , P 8s
"m5.alt", P* 9 '
,.m8.alt",/a 10 ,

rnm7.alt",/* 11 '

"m8.alt", P 12
'medopsi .alt", P* 13 Operational Guidance
'.medops2.alt', P* 14
Urmedlops;3alta P* 15
"refl.alt", P* 16 Reference Lists
11re'12.aft", / 17
"IreI3.altm, P* 18 '

"ref4.alt"/I' 19 '

switch (topic)

case 1: P Alt Physiology Va
start~indexLnum=0:
stop jndex-nujm=4;
break;

case 2: /* Medical Conditions at Alt /

start-index-ntum=5;
stop_index-num=12;
break;

case 3: P* Operational Quidance !

start_lndex_num=13;
stop-index-num=15;
break;

case 4: P*References */
start.-index-nuIm=16;
stop-. ndex-num=1 9;
break;
I P end switch

index-num=start-index_num;
if( VidRea dWindow(bak-grnd.scree n,f ileslindex-n LM]) NOERROR)

printf('Unable to read %s screenfie\',ejrdxum)
getchO;,
return 0;

VidPusho;
VidPutWindow(bak-grnd..screen .0,0,24,79,0,0);
v-hideco;
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Key~Fusho;
key=KeyGetCo;
scan~key>>8;

switch(scan)

case 28: /* enter ~
case 80: P* down arrow '
case 81: /*page down *

index-~num++;
break;

case 72: P* up arrow '
case 73: /' page up ~
index-num--;
break;

case 71: /* home key '
index-num.zstart-index-num;
break;

case 79:
index-num=stop-index num;
break;

defaulit:
VidPop(1);
v-sctype(1, .0,12); /* restore cursor ~
return 0;,
break;
/*end switch/

if(index numn<starindex_nunm) index...num=stop-fldex-flum;
if(indexnum>stop index_num) index~num~startjndexnum;

if( VidReadWindow(bak-grnd..screer ,files[index-num])! NOERROR)

printf("Unable to read %/'s screel, flie Imn "l[,-. diex.UmJ-II,
getcho;
VidPop(l);
return 0:

VidPutWindow(bak-gmcu screen,0,0,24,7,O,O);
I while((key & OxO0ff) !=27):
VidPop(1):
vsctype(1 10,12); /'restore cursor *
return 0;

/* end show-aft-info(int topic) *i
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~~ ~source file: ALT__INIO.C *A i*A/

#include Oalt.h"
#include <stdio.h>

int getinitaltiile(struct input..struct *alt input)

int set-num:
FILE 'input-file;
size-t inputsize;
inputsize=sizeof (*alt input);

inputjile=fopen("altlast.dat'.'rb"):
if(inputjfle==NULL) return 99;

fread(altijnput, inputsize, 1, inputjfile);

fclose(input file);
return 1;

/*rend this function ~

int savetointaltfile(struct input-struct *ait-input)

tnt set -num;
FILE *out-fi1e;
size~t inputsize;
inputsiza~sizeof(oalt-input);

out -ftle=fopen(altlast.dat", wb");
if (out fife=NULL) return 99;

fw rite (alt-inputinputs~ze, 1 ~outjile);

fclose(out file);
return 1;

J/* end this function/

ft**4tWt*t*source file: ALT__TBL.C ..... I

#include <string.h>
4include "alt.h"

voiad init-alt-input(struct inputjiract *inpu!)

int n;

input->profiIe.num__events=2;
input-->profile.cujrrent_ event=0;
input-.>profile.event(O. lype-incx=O;
input->profile.even1flO).day1 =1;
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input->profile.event[O].day2=5;
input->profile.event[Ol.altl =0;
input->profile.event[0].alt2=1 0000;
strcpy(input->proflle.event[0].typebuff,'Ascend')
strcpy(input->orofile.eventffO.dayl buff,* 1V);
strcpy(input->profile.event[0].day2buff,' 5");
str-cpy(i-nput->profile.event[0].at buff," 0");
strcpy(.nput->profile.event[0].alt2buff,'1 0000');

input->profile.eventIl.type-index=2;
input->profile.event(1].dayl =5;
input->profile.eventll ].day2=1 5;
input->profile.eventl.altl=1 0000;
input->profile.event[1 ].alt2=1 0000;
strcpy(input->prof iie.event[1 ].typebuff,"Re main")
strcpy(input->profile.eventf 1].dayl buff." 5N);
strcpy(input->profile.event[1I.day2buff,' 15");
strcpy(input-.profile.eventfl].aftl buff,"110000');
strcpy(input->profile.event[1 ].alt2buff ,"1 0000'):

input->profile.event[2].type-index=i;
input->profie.eventlal.dayl =1 5;
input->profile.event[2].day2=20:
input-:>profile.event[2].altl =1 0000:
input->profile.event2].alt2=0;
strcpy(input->profile.event[2] .typebuff,"Descend');
strcpy(input->profile.event[2].dayl buff," 15");
strcpy(input->profile.event[2] .day2buff," 20");
strcpy(input->prof ite.event(2].attl buff "l 0000");
strcpy~input->profile.event[2].aI!2buff," T~);

for(n=0;n<=3;n++)

input-z'parameters-,n].hgb= 14.5;
input->paramnetersfn). hct=45.0;
input->parameters[n) .pH=7.4-,
input->parameters[n) .HCO3=24;
input->parameters~ril.tre=98.8;
input->parametersln]. resp-ratio=0.8;
input->parameters[n].F102=21 .0;
input->parameters~n] .PACO2=40.0;

strcpy( input->parametersnhl.hgb -bull," 14.5');
strcpy( input->par-ameterslnl.hct-buf," 45.0");
strcpy( input->parameters~n].pH..buf," 7.4');
strcpy( iriput->parameterslnl.H003..buff,' 24.0');
strcpy( input->parametersfnl.lre-buff,' 98.8');
strcpy( input->parameterslr..resp-ratio-.buff.' 0.8");
sircpy( input->pararnetersn).FIO2..buff," 21.0"):
strcpy( input->parameters[n].PACO2-bufl," 40.0'*):
strcpy(input->parameters[n].Aa-diifusion-grad.buff," 5.0');
input->parametersin] calculated=0;

J/** end tor **/
/**"end init alt input fL.nc'cn 1
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void write_current-alt-nput(struct input-parameter -struct *input,int column)

1* n.b. colors are defined in alt.h/
int r=3; /*init row'

VidPutS(input->hgbbuff, red, r~column);
VidPutS(input->hct buff,red,++r,column);
VidPutS(input->pHbuff,red,++r,column);
VidPutS(input->HC03_buff,red1.++r,column);

VidPutS(input->tre _buff,red,++r,column);
VidPutS(input->resp-ratiobuff,lgt-blue,++r,column);
VidPutS(input->F102 buffIgt.blue,++r,column);
VidPutS(i -pit->FACO2-.buff, igcblue,++rcclumn);
VidPutS(input->Aadiffusiongrad buff Igtbue,-+rcolumn);

I/* end wrte_currentaltjinput function ~

.... -source file: ALT INIT.C ....

#includle <wincfows.h>
#include "alt.h'

int initinput-profile(struct input-profile..slruct *p)

p->num..events=0O;
p->current-event=0;

for(i=-O;i<MAXEVENTS;i++)

p->event[ij.type-index=0; P 0=remafn
p->event[i].dayI=1;
p->event[i].day2=3;
p->event[iI.altl =0;
p->event[i].alt2=1 0000;
strcpy(p->event[i].typebuff "Remain )
strcpy(p->event(iI.dayl buff," 1"~);
strcpy(p->eventfil.day2buff," 3');
strcpy(p->event[ij.aitl buff, '00000").
strcpy(p->eveni]i.al2bLi!f,'1 0000"';

/*Pend for *1
return 1;

/ I end function!
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/4* ******~****source file: EVENTS .C .......

#include <windows.h>
#include "alt.h"

#define TABLEHEADER_ROW 5
#define TABLEHEADERCCL 20

Int getalt..profile(struct input-profile..struct *p)

WINDOWPTR event -wn;
WIFORM event-frm;

int i, current-event index;
mnt alti ,al2, dayl ,d-ay2, event..type;
int rO,rl,r2,r,c;

char typebuff(9]. daylbuffS]. altI buff [71, day2bu4ff[5]. alt2buff71:

float mn:

int rj_table=TABLEHEADER_ROW;
int c_table=TABLEHEADERCOL;

struct pmenu evenI.menu=

01
FALSE,
0,
0,
3,
{0A0 "Ascend', 0.
1,0, "Descend', 1 .
2A0,"Remain ", 2,
3,1, "Stop" , 3,
99,99'"1',99

enurn event-enurn ascend =0,

remain = 2,
stop = 3) event-menu choce;

char eventstr[4l(8]=('Ascend 'Descend',*'Rer-ain ,Stop 4,);

rjtable=TABLEHEADER_ROW:
c-table=TABLEHEADERCOL;

it(r-table==TABLE-HEADERROW)
VidPutS("Evenl AMt (ft) Alt2 (ft) fromn Day- le- Day#',
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FGR,rjable,cjtable);

current-event-index=0O;
do

{al=-eetcreteetidx.al
dayl=p->event[current event--ndex].day2;

alti =p->eventfcurrent_-- %; -nt-index].alt1;
alt2=p->everitfcurrent-event.index].a12;
eventjtype=p->event[current-event~indexj.type_index;
strcpy(dayl buff ,p->event[currenLeventjndexl.dayI buff);
strcpy(day2butf,p->eventlcurrent-event-index.day2buff):
sircpy(altl buff,p->event[current event-indexl.al buff)
strcpy(alt2buff,p->event[current e dent inceix].alt2buff);
strcpy(typebuff,p->eventfcurrent event indexl.typebuff);

eventw w...pen (500,4 1 5.40:5:WH ITE<<41 RED,BLACK«<41BLUE);

event menu choice=wn-popup(0,5,28,7,4,WHITE«4BLUE,WH ITE«<4WHITE.
&event menu,TRUE);

if(event-menu- choice==99)

wn_close(event-wn);
return 99:

strcpy(typebuff,eventstrievent menu_choicel);
strcpy(p->eventlcurrent event index].typebuff,typebuff);

wn dtext(XEQNFRM,t\FLD,even'_wn. 110, &eventstrlevenl,_menu__choirel)-

switch(event-menu choice)

case ascend:
case descend:

event-frrn=wn. frmoon(5);
wn-.gint(SET,event frm,O, event_ wn,2,1 l,'rorn (ft): ".BLACK<4IRED,-

wnfnf(Tevent. frm):eetw,,8"o(f) ,LC<4RD-

wn_clse(Sevent.fr,,ewn);3 ,"etendy# ,LCK<:E,

evnfml~vn. f rmp()

wn-ginl(S-=T,evenjfrm.event-wn,2,1 'At MYf1 ".BLACK<4:RED,
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&altl ,5,0,23000,altl buffNSTR,'Limits: 0 -23,000 ft");
wvn-gint(SET,eventcfrm,1 ,event..wn,3,1 ,"Betwveen day#: ",BLACK<4IRED',

&dayl ,4,1 ,35,dayl buff ,NSTR,"Limits: 1 -35");
wngint(SET,eventfrm,2,event -wn,3,21 ,"and day#: ",BLACK<<41RED, ',

&day2,4,dayl ,35,day2buff,NSTR."Limrts: 1 - 35");
if (wn-frmget (event _frm)==ESC...CODE)

wn -frmls(event-frm);
wn -close(event-wn):
break;

strcpy(alt~buff.altl buff);
break;,

case stop:
wn-close(event-wn);
break:

}; /*end switch*~/

if(event--menu-choice==stop) break;
wn-f rmcls(event. frrn);
wn -close(event..wn);

rO=23;
ri =(int)(23-(alt1/1 000));
r2=(int)(23-(alt2/1 000));
c=(int)(8-~2*(day1 -1));

if( (day2-dayl) = 0)

VidPutS(typebuff FGIIFG -RIFG-.G ++r-table,c -table):
VidPutS(altl buff.FG _IiFG. RIFG_G,r -table,c. table-B);
VidPutS(alt2buff,FG I'FG_.RIFG_Gr r tablec tabte.'19);
VidPutS(daylbuff,FGJ-IFGRIFGG.r tatle~c Jable+34);
VidPutS(day2buff.FGIIFGR1FG G,r table,c-table+4A1):

VidPutAltr(WHITE«<4BLUE,r2.,rO,r.):

else

VidPu!S(Iypebuff. FG_(rFG_.RfFG--G,--rjable,c-,able):
VidPutS(alil buff, FGjl IFGRlFG ...G.r-table.cjtab,'e+8);
VidPutS(alt2buffFG_IIFGRIPFG_ G,r~table~c -table-19);
VidPutS(dayl buff FG.IIFG RlFG.G,rjtable,ctable+34):
VidPuiS(day2buffFG llFG R!FGG,rjtable,c table+41):

if(altl ==a 112) m=0.0.
else m=(float)(r2-rl )I(2*(day2-dayl ));

for(i=0;i<=(2*(day2-day1 ));a4 --,c++)

if(m::0O.0) r=rl: Pr emain 31t cwC'.t ,!,I
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else if(m < 0.0) r=-(int)(rl +m'i); /* ascend/
else ifm> 0.0) r=-(int)(rl+mli); */*descend 'I
VidPutAtr(WHITE<<4BLUE,r,c, rO,c);

/* end else1

p->num-events++;
p->current-event=current-eventjindex;
p->event[current-event index].dayl =dayl;
p->eventlcurrent~event indexJ.day2=day2;
p->eventtcurrenLevent index].atl =altl;
p->event[current-event-index].alt2=alt2;
p->event[current-evenl,.-ndex].lype index=eventjtype;
strcpy(p->event[current event-index].dayl buff ,dayl br.ff);
strcpy(p->eventjcurrent eventjndex].day2buff day2buffi;
strcpy(p->event[current eventjindexl.altl buff ,altl buff);
strcpy(p->event[current event index].alt2buff,alt2buff);
strcpy(p->everitlcurrent eventjndex].typebuff,ypebuff);

p->event[currentevent-index+1 J.dayl =day2;
p->event[current event index+1 J.day2=day2;
p->eveni~current-event index+11.altl=aVt;
p->event[current event index+1J.aft2=alt2;
p->eventlcurrentevent index.1 ].typejindex=evenuype;
strcpy(p->event[current-event-index+1 ].dayl buff.day2buff)
strcpy(p->eventfcurrent-eventindexi1 J.day2buff day2buff)
strcpy(p->evient[current~event-index+1 ].altl buff,alt2buff);
strcpy(p->event[current eventjindex±1 ].alt2buff,alt2buff);
strcpy(p->event[current.eventindex 1 ].typebuff,typebufl );

current-event_index±+;

J while(event menu~choice !=stop):

P->num events-
return 0:1

r end function get~jnputorofile()o

int draw profile(s!tru inpt -pr -esr uct *mr 4,lz)

int i,j;
int rO~rl~r2.r.c;
float m:

int rj-able=TABLEHEADER_ROW;
int c~tab~e=TABLE__HEADER_COL;

rO=23;

VidPutS(EvenI Al!1 1 1) A12 IMt from Daf t l 4"Ft Cn 0 ec~!
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for(i=0;i <= prof ile->num - events;i+,)

ri ~(int)(23-(profile->evenfi].alt1 /1000));
r2=(Int)(23-{profile->event[i].alt21 000));
c=(int)(8+2'(profile->event[i].dayl -1));

if( (prof ile->event[iJ.day2-profile->event[i].dayl) =0)

VidPutS(profile->eventfiJ.typebuff,FGIIFG-RI FG-..G,++rjable,cjtabe);
VidPutS(profile->eventji].altl buff.FG_ - iFG_RIFGG,rjable,cjabe+8);
VidPutS(profile->eventij.alt2buff,FG IIFG_RIFGGCrable~cjable+1 9);
VidPuIS(profile->event[i].dayl bulffFGIIFG_-RI FG-G, rableG_table&34);
VidPutS(prcfr;e->eventi].day2bu.ff,FG-IIFG_RIFG_.G,rjtable~cjtable+;41);

VidPutAttr(WHITE<«4BLUE,r2,c,rO~c);

else

VidPutS(profile->event[i].typebuff,FGIIFG_R!FG.G,+4--;rjabte,c table);
VidPutS(profile->evenli].altl buff,FG_ IlFGRIFG G,rjtable,c able+8);
VidPutS(profile->event[i].alt2buff,FGIiFG&R !FG-G,rjable.c tabe-1 9);
VidPutS(profile->eventli].daylbuff,FGIIFGRIFG- G,r .table,cjtable+34);
VidPutS(profile->evjentfi].day2buff,FG IIFGR!FG..G r Intbe.cjtab!e+411;

if(profi!e->event[i].altl ==prof iIe->evenhIiI.ait2) m=0.0;
else rn=(loat)(r2-ri )/(2*(profIle->event[i.day2-proile->evenfi~i].dayl ));

ff(m==0.0) r--rl; P* remain at current alt1
else if(m < 0.0) r=(int)(rl +m'j): r ascend *I
e'se if(rn> 0.0) r=6(nt)(rI+m*;); I" descend *i
VidPutA'ttr(WHITE<«41BLU E.r,c.rO.c);
) ~end for ~

) end else **i
Ii** end for ~
return 0;
I ~end function int draw. profiie(..,.)~

sautce file: EVNTSORT.C .......

#include 'alt.h'
1/include <sear.ch.h>

int sortevents(struct input~lmestruct 'p)

qsort( (void *)p->evenl. (s:ze.j)p->num._events.
sizecf( structevent_siructi,

compare event dates);
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int compare-event~dates( struct event-struct *eventl,
struct eveniLstruct *event2)

if( eventi ->dayl > event2->dayl)
return 1;

else if( eventl->dayl < event2->dayl)
return -1;

else
return 0;

The lengthy source code for the functions comprising the cold and heat stress
modules is not included but is available upon request from the author.
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